DESCRIFnON 



LIQUID CRYSTALAUGNMENT FILM AND METHOD FOR 
PRODUCING THE SAME, AND LIQUID CRYSTAL DISPLAY APPARATUS 
5 USING THE SAME AND METHOD FOR PRODUCING THE SAME 



Tgclxmcal Field 

The present invention relates to an image display apparatus employing 
liquid crystal and a method for producing such an image display apparatus. 

10 More spedfically, the present invention relates to a Eqxaid crystal alignment fihn 
used for a flat display panel employing hquid crystal for displajdng images on 
television (TV) and computers or the like, and a method for producing such a 
liquid crystal ahgnment film, and also relates to a liquid crystal display apparatus 
employiQg the same and a method for producing such a hqmd crystal display 

15 apparatus. 

Background Art 

Conventionally, an apparatus used as a color hquid crystal display panel 
generally includes liquid crystal that is injected between two substrates provided 
20 with coimter electrodes arranged in a matrix via a hquid crystal alignment fihn 
formed by rotary-coating a polyvinyl alcohol or a polyimide solution with a spiimer 
or the like. 

For example, the following device was proposed. Thin film transistor 
(TFT) arrays havii^ pixel electrodes are formed on a first glass substrate 

25 beforehand. Aplurahty of color filters of red, blue and green are formed on a 
second glass substrate, and common transparent electrodes are further formed 
thereon. The surfeoes provided with the respective electrodes are coated with a 
polyviayl alcohol or a polyimide solution with a spinner so as to form films. Then, 
rubbing is performed so as to form hquid crystal ahgnment films, and the 

30 substrates are opposed and attached to each other via spacers with an arbitrary 
gap. Thereafl;er, hquid crystal (twist nematic (TN) or the like) is injected 
therebetween so as to form a panel structiore. Then, polarizing plates are 
provided on the fix>nt and the back of the panel. While the panel is irradiated 
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with back light from the back side, TFTs are operated In this manner color 
images are displayed. 

However, in the conventional method for producing an alignment fOm, 
polyvinyl alcohol or polyimide is dissolved in an organic solvent and the resultant 
5 solution is applied by rotary-coating or the like. Then, rubbing is performed with 
a felt doth or the like. Therefore, there is a serious problem in that uniformity in 
the alignment film is poor in surfece step portions or for a large area p anel (such 
as a 14 inch display). Moreover, since rubbing is performed, defects are generated 
in the TFTs, and debris generated by rubbing causes defects in display. 

10 

Disdosure of Invention 

The present invention was carried out in order to solve the above- 
mentioned conventional problems, and thus has the object of providii^ a method 
for forming an alignment film used in a Uquid crystal display p anel highly 
15 efl&dently, imiformly and thinly without performing a rubbing treatment as 

conventionally performed, and providing a method for producing a dii^lay panel 
employing the same. 

A first liquid crystal aHgnment film of the present invention for achieving 
the object is characterized in that a silane-based surfectant having linear carbon 
20 chains and Si is chemically adsorbed via a resin film sensitive to energy beams for 
generating functional groups containing active hydrogen by energy beam 
irradiation formed on a predetermined surfeice of a substrate, and that the Hnear 
carbon chains are ahgned in a specific direction. 

In the above-mentioned hquid crystal alignment filrn, a film formed of the 
25 sxirfactant is preferably fixed to an energy beam sensitive resin film via covalent 
bonds on the surfece of the substrate in a striped pattern. Thus, a Hqmd crystal 
ahgnment film having excellent xmiaxial alignment can be obtained. 

In the above-mentioned Hquid crystal ahgnment film, the fixed film 
formed of the surfeictant is preferably fixed to the energy beam sensitive resin film 
30 via a film having siloxane bonds. This is advantageous because peehng 
resistance, namely adhesiveness is improved. 

In the above-mentioned hquid aystal ahgnment fihn, the silane-based 
surfeictant is preferably a chlorosilane-based surfectant containing a linear 
hydrocarbon group and a chlorosilyl group. As the sflane-based sur&ctant, a 
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substance comprising a chlorosilyl group (SiCl), an alkoxysilyl group (SiOA, A 
represents an alkyl group), or an isocyanate silyl group (SiNCO) at the terminal of 
the molecule can be used. Above all, when a chlorosilane-based surfiactant is used, 
an alignment film covalently bonded to the substrate via siloxane bonds can be 
5 produced easily and efficiently 

In the above-mentioned hquid crystal alignment film, a part of the 
hydrogen of the Hnear hydrocarbon group of the chlorosilane-based surfactant is 
preferably substituted with at least a fluorine atom. This is advantageous 
because the critical surface energy as the ahgnment film can be reduced, thereby 
10 improvii^ a response performance of hquid cxyst^ 

In the above-mentioned liquid crystal alignment film, a plurality of 
chlorosilane-based surfactants each having a different molecular length are 
preferably mixed and used as the chlorosLlane-based surfectant containing a linear 
hydrocarbon group and a chlorosilyl group. Thus, a film having concavities and 
15 convexities on the molecular level on its surfeioe can be formed, thus obtaining a 
liquid crystal a%nment film with which the ahgnment angle (pre-tilt ai^le) of 
hquid crystal can be controlled on the molecidar level. 

A second Hquid crystal alignment film of the present invention is a 
monomolecular fil m formed on a surfece of a substrate provided with desired 
20 electrodes. The molecxiles constituting the film have a desired tilt, and are 
bonded and fixed to the smrfece of the substrate at one end while being ahgned 
uniformly in a specific direction. 

In the above-mentioned Hquid crystal ahgnment film, the desired tilt of 
the molecules is preferably foinned by fixing the molecules constituting the film to 
25 the substrate by covalent bonds, washing the molecules with an organic solvent, 
and tilting the substrate in a desired direction so as to drain off the solvent. 

In the above-mentioned Hquid crystal ahgnment film, the molecules 
constituting the film preferably contain carbon chains or siloxane bond chains. 
This is advantageous because the ahgnment property of the film can be improved. 
30 In the above-mentioned Hquid crystal ahgnment film, a carbon of a part of 

the carbon chain preferably has an optical activity. This is advantageous because 
the ahgnment property of the film can be improved by irradiation of Hght . 

In the above-mentioned Hquid crystal alignment film, the molecules 
constituting the film preferably have Si at both ends. This is advantageous 
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because the film can be bonded to the substrate firmly: 

In the above-mentioned Uquid crystal aKgnment film, the molecules 
constituting the film are preferably formed by mixing a plurality of types of 
chemi sorption molecules each having a different molecular length, and the fixed 
5 film preferably has concavities and convexities on the molecular length level. 
This is advantageous because the tilt angle of Kquid crystal can be controlled. 

A third Hquid crystal ahgnment film of the present invention is a 
monomolecular film formed on a surface of a substrate provided with desired 
electrodes. The molecules constituting the film have carbon chains or siloxane 
10 bond chains, and at least a part of the carbon chain or the siloxane bond chain 
contains at least a functional group for controlling a surface energy of the fihn. 
The production of such a liquid crystal alignment film can provide an alignment 
film that has fimctions of controlling the critical surface energy of the alignment 
film and thtis controlling the pre-tilt angle of injected liquid crystal, and alining 
1 5 the Uquid crystal in an arbitrary direction, without performing conventional 
rubbing. 

In the above-mentioned liqmd crystal alignment film, a plurality of types 
of silane-based surfactants each having a different critical sm:face energy are 
preferably mixed and used as the molecules constituting the film, so as to control 
M 20 the fixed film to have a desired critical s\irface energy value. This is 

advantageoxis because the pre-tilt angle can be controlled. 

In the above-mentioned hquid crystal alignment film, the functional 
group for controUing tbie surface energy is at least one organic group selected from 
the group consisting of a carbon trifluoride group (- CF3), a inethyl group (- CH3), a 
25 vinyl group (- CH = CIQ, an allyl group (- CH = CH-), an acetylene group (triple 
bonds of carbon - carbon), a phenyl group (r CgHg), an aryl group (- C6H4 -) , a 
halogen atom, an alkoxy group (- OR; R represents an alkyl group, preferably an 
alkyl group having one to three carbons), a cyano group (- CM), an amino group (~ 
NH2), a hydroxyl group (- OH), a carbonyl group ( = CO), an ester group (- COO -) 
30 and a carboxyl group (- COOH). This makes it easy to control the critical surface 
energy. 

In the above-mentioned Hquid crystal aligrmaent film, the molecules 
constituting the film preferably contain Si at the terminals. This makes it very 
easy to fix the molecules to the sxnrface of the substrate. 
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In the above-mentioned liquid crystal alignment film, the cntLcal sur&ce 
energy of the film is preferably oontrofled to be a desired value between 15 mN/m 
to 56 mN/m. This makes it possible to control the pre-tilt an^e of injected liquid 
crystal to be any angle in the range fix)m 0 to 90 degrees. 

A fourth Hquid crystal alignment film of the present iavention is 
characterized in that a resin film transparent in the visible hght range and havmg 
energy beam sensitive groups and thermoreactive groups is formed directly on 
electrodes or indirectly via an arbitrary thin film, and at least the enei^ beam 
sensitive groups are reacted and crosslinfced. 

In the above-mentioned hquid crystal alignment film, the energy beam 
sensitive groups and the thermoreactive groups are preferably introduced as side 
chain groups in the resin film. 

In the above-mentioned liquid crystal alignment film, the energy beam 
sensitive groups, the thermoreactive groups and hydrocarbon grot5)S are 
preferably iatroduced as side chain groups in the resin film. 

In the above-mentioned hquid aystal ahgnment film, the surfece of the 
resin film preferably has striped concavities and convexities. 

In the above-mentioned hquid crystal alignment film, the thermoreactive 
groups axe preferably reacted and crosslihked. 

In the above-mentioned hquid crystal alignment film, a substance 
represented by (formula 1) is preferably used as the resin film, 
(formxila 1) 
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Next, a method for produdng the first hquid crystal alignment fihn of the 
present invention includes the steps of applyii^ and forming an energy beam 
sensitive resin fihn for generating fimctional groups containing active hydrogen by 
energy beams directiy or indirectly via an arbitrary thin film on a predetermined 
5 surface of a substrate provided with electrodes, irradiatii^ the surfeice of the resin 
film with energy beams in an arbitrary pattern, contacting the irradiated resin 
film with a chemisorption solution containing a silane-based surfectant having 
hnear carbon chains and Si groups, washing the sx^bstrate with a solvent 
incapable of dissolving the resin film, thereby forming one layer of a 
10 monomolecular film formed of the sur&ctant selectively in the irradiated portion, 
J=«J and aligning and fil ing the hnear carbon ^b^ina in the sur&ctant molecules. 

O In the above-mentioned method, the enei^ beams are preferably at least 

C oiie selected firom the groiipoonaLsting of electro 

wavelength of 100 nm to 1/zm. Above all, it is eg)ecially preferable to use 
J: 1= 15 ultraviolet rays. 

In the above-mentioned method, the chemisorption solution preferably 
j^'J contains at least a chlorosilane-based surfactant comprising a linear carbon chain 

□ and a chlorosilyl group and a solvent that causes no damage to the energy beam 

j£| sensitive resin fihn. This is advantageovis because the tmderlying photosensitive 

Id: 20 thin film cannot be injured. 

In the above-mentioned method, the energy beams are preferably at least 
one hght selected fi-om the group consisting of ultraviolet rays, visible rays and 
infirared rays, and the energy beam sensitive resin film is preferably a 
photosensitive resin film. This makes it very easy to produce the liquid crystal 
25 alignment film. 

In the above-mentioned method, the photosensitive resin film is 
preferably a polymer filTn or a monomer film containing at least one organic group 
selected fix)m the group consistii^ of a group represented by (formula 2), a group 
represented by (formula 3) and a group represented by (formula 4). The use of 
30 these polymers is advantageous becaxise ultraviolet rays can be used as the energy 
beams, 
(formida 2) 

Nn O 

ir II 

-c-c- 



6 



(formula 3) 



(formula 4) 
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Furthermore, when a specific liqvdd cxystal, &r example nematic hqiiid 
crystal or £eiix)electric liqmd crystal, is incorporated by bonding to a surfectant to 
be adsorbed, an aligmnent fihn having an excellent alignment controllability can 
15 be obtained. 

In the above-mentioned method, a solvent indudiag a carbon fluoride 
group is preferably used as a nonaqueous solvent. This is advantageous because 
the underlyiag photosensitive substrate cannot be iajured 

A method for producing the second Hquid crystal ahgnment film of the 
20 present invention is a method for producing a monomolecular hquid crystal 
ahgnment film including the steps of contacting a substrate provided with 
electrodes with a chemisorption solution so as to cause a chemical reaction 
between molecules of a surfeictant in the adsorption solution and a sur&ce of the 
substrate, thereby bonding and fixing the surfectant moleciiles to the surfece of 
25 the substrate at one end, washingtiie substrate with an organic solvent, and 
tilting the substrate in a desired direction so as to drain off the solvent, thereby 
aligning the fixed molecules in the direction in which the solvent was drained off 

Preferably, the above-mentioned method further includes the step of 
exposing the substrate to hght polarized in a desired direction via a polarizing 
30 plate after the step of aligning the fixed molecules, so as to ahgn the orientations of 
the siu:&ctant molecules imiformly in a specific direction at a desired tilt. 

In the above-mentioned method, a silane-based surfectant containing 
linear hydrocarbon groups or siloxane bond chains and chlorosilyl groups, 
alkoxj^yl groups or isocyanate silyl groups is preferably vised as the sur&ctant 
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This makes it possible to produce a monomolecular liqmd crystal alignment film 
efl&ciently: 

In the above-mentioned method, a plurality of types of silane-based 
stir&ctants each havii^ a different molecular length are mixed and used as the 
5 silane-based surfeictant containing Unear hydrocarbon groups or siloxane bond 
chains and chlorosilyl groups, alkoxysilyl groups or isocyanate silyl groups. This 
is advantageous because the alignment an^e of the adsorbed and fixed molecules, 
ie,, the pre-tilt angle of injected liqtiid crystal can be controlled. 

In the above-mentioned method, a carbon of a part of the hydrocarbon 
10 group preferably has an optical activity. This is advantageous because alignment 
can be controlled efficiently at the time of realignment by irradiation of light. 

In the above-mentioned method, the hydrocarbon group or the siloxane 
bond chain preferably contains a halogen atom or a methyl group (-CHg), a phenyl 
group ("CgH^, a cyano group (-CN), a hydro^syl group ( -OH), a carbo^Qrl group (- 
15 COOH), an amino group (-NHs), or a carbon trifluoride group (-CF3) at the 
terminal. This makes it possible to control the surfece energy of the fihn. 

In the above-mentioned method, the Ught that is used for exposvire is 
preferably hght having at least one wavelength selected from the group conasting 
of 436 nm, 405 nm, 365 nm, 254 nm and 248 nm. Any hght can be iised as the 
20 hght for exposure, as long as the hght has a wavelength that can be absorbed by 
the film. However, the Hght having the above-mentioned wavelength is 
advantageous because it can be absorbed by most films. 

In the above-mentioned method, a silane-based smrfeLCtant containing 
linear hydrocarbon groups or siloxane bond chains and chlojtosilyl groups or 
25 isocyanate silyl groups is preferably used as the sur&ctant> and a nonaqueous 
organic solvent containing no water is preferably used as the washing organic 
solvent. The use of these is advantageous in removing unreacted molecules of the 
surfactant completely. At this time, when a photosensitive reactive group such as 
a vinyl group (> C = C <), an acetylene bond group (a triple bond group of carbon - 
30 carbon) or the like is incorporated into the linear hydrocarbon group or the 

siloxane bond chain, and the photosensitive group is allowed to react with h^t so 
as to be crosshnked or poljonerized at the time of alignment with light, the heat 
resistance of the obtained monomolecular film can be improved. 

In the above-mentioned method, a solvent containing an alkyl groiqp, a 
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carbon fluoride group, a carbon chloride group or a siloxane group is preferably 
used as the nonaqueous organic sdvent. The use of this solvent makes 
dehydration easy and thus provides a high. efSdency. 

In the above-mentioned method, it is preferable to form a film containing 
5 a large number of SiO groups before the step of fixing the surfectant molecules at 
one end, and then form a monomolecular film via this film. This makes it 
possible to obtain a film whose quality is ensured. 

A method for producing the third liqmd crystal alignment fOm of the 
present invention includes the steps of contacting a substrate provided with 
10 electrodes with a chemisorption solution produced by xising a sflane-based 

surfeictant containing carbon chains or silo(xane bond chains, at least a part of the 
carbon chain or the aloxane bond chain containii^ at least one functional group 
for controlling a surfoce enei^ of a formed film, therein causii^ a chemical 
reaction between the surfoctant molecules in the adsorption solution and the 
15 surfoce of the substrate so as to bond and fix the surfoctant molecules to the 
sxirfoce of the substrate at one end. 

In the above-mentioned method, a sHane-based surfectant containing 
linear carbon chains or siloxane bond chains and chlorosilyl groups, alkoxysilyl 
groups or isocyanate silyl groups is preferably used as the s\irfectant. 
20 In the above-mentioned method, a plurality of types of silicon-based 

surfoctants each having a different critical surfece energy are preferably mixed 
and used as the surfoctant. This makes it possible to control the critical surfoce 
energy of the film more precisely. 

In the above-mentioned method, at least one organic group selected firom 
25 the group consisting of a carbon trifluoride group (- CF3), a methyl group (- CH3), a 
vinyl group (- CH = CHj), an aUyl group (- CH = CH-), an acetylene group (triple 
bonds of carbon - carbon), a phenyl group (- CgHg), an aryl group (- C^^, - ), a 
halogen atom, an alkoxy group (- OR; R represents an alkyl group, preferably an 
alkyl group having one to three carbons), a (yano group (- CN), an amino group (- 
30 NH2), a hydroxyl group (- OH), a carbonyl group ( = CO), an ester group (- COO -) 
and a carboxyl group (- COOH ) is preferably incorporated into the carbon chain or 
the sibxane bond chain at its terminal, principal chain or side chain. This also 
makes it possible to control the critical surfece energy of the fihn more precisely 
Preferably, the above-mentioned method further includes the steps of 
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washing the substrate with an organic solvent after the step of bonding and fixing 
the surfactant molecules to the surfece of the substrate at one end, and tilting the 
substrate in a desired direction so as to drain off the solvent, thereby aligning the 
fixed molecules in the direction in which the solvent was drained off. This makes 
it possible to control the tilt angle of injected liquid crystal. 

Preferably, the above-mentioned method further includes the step of 
exposing the substrate to light through a polarizing film after the step of aligning 
the molecules, so as to realign the molecules in a desired direction. This makes it 
possible to improve alignment performance. 

In the above-mentioned method, a silane-based stir&ctant oontfiining 
linear carbon chains or siloxane bond chains and chlorosilyl groups or isocyanate 
silyl groups is preferably used as the sxnrfeictant, and a nonaqueous organic solvent 
containing no water is preferably used as the washing organic solvent This 
makes it possible to provide a monomolecular hquid crystal alignment film having 
fewer defects. 

At this time, it is advantageous in draining off a solvent to use a solvent 
containing an alkyl group, a carbon fluoride group, a carbon chloride group or a 
siloxane group as the nonaqueous organic solvent 

In the above-mentioned method, it is preferable to perform the step of 
forming a film containing a large number of SiO groups before the step of fixing 
the surfactant molecules at one end, and then form a monomolecular Uquid crystal 
film via this film. This makes it possible to provide a monomolecular alignment 
film having a higher density 

A method for producing the fo\irth hquid aystal alignment film of the 
present invention includes the steps of applying and forming a resin Sim 
transparent in a visible light range and having energy beam sensitive groups and 
thermoreactive groups on a predetermined surfeice of a substrate provided with 
electrodes directiy or indirectiy via an arbitrary thin film, and at least irradiating 
the resin film with energy beams through an arbitrary mask so as to react and 
crosslink the energy beam sensitive groups. 

The above-mentioned method preferably includes the steps of applying 
and forming a resin film transparent in a visible light range and having energy 
beam sensitive groups and thermoreactive groups on a predetermined surfece of a 
substrate provided with electrodes directly or indirectiy via an arbitrary thin film. 
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and at least irradiatiiig the resin film with energy beams through an arbitrary 
mask so as to react and ax)sslink the energy beam sensitive groups. 

In the above-mentioned method, the step of reacting and crosslinking the 
thermoreactive groups by heating is preferably added before or after the step of 
reacting and crosslinldng the energy beam sensitive groups* 

In the above-mentioned method, the energy beam sensitive groups are 
preferably photosensitive groups, and the resin film is preferably irradiated with 
ultraviolet rays through a mask so that the photosensitive groups in the resin film 
react not only to crosslink between principal chains but also to align and fix side 
chain groups. 

In the above-mentioned method, a polarizing film or a difGraction grating 
is preferably used as the mask for e3q)osure. 

In the above-mentioned method, ia the step of exposure, the resin film is 
preferably exposed to hght to an extent that concavities and convexities are 
generated on the surfece thereof 

Next, a first hquid crystal display apparatus of the present invention 
includes a pair of substrates, electrodes and alignment films, the electrodes being 
formed on surfaces of substrates, the ahgnment film s being formed thereon, hquid 
crystal being interposed between the coimter electrodes on the two substrates via 
the ahgnment films. At least one ahgnment film is a film in which a silane-based 
surfectant having a linear carbon chain is chemically adsorbed via an energy 
beam sensitive film for generating a functional group containing active hydrogen 
by irradiation of energy beams, and the linear carbon chains are aligned in a 
spedfi^c direction. 

A second hquid crystal display apparat\xs of the present invention has a 
structure where a film is formed as an ahgnment film for hquid crystal directly on 
the surface provided with electrodes on at least one substrate of two siibstrates 
provided with counter electrodes or indirectly via another film. The film is a 
monomolecular film formed of a silane-based surfectant having linear carbon 
chains or siloxane bond chains, and the molecules constituting the film have a 
desired tilt and are bonded and fixed to the surfece of the substrate at one end 
while being ahgned uniformly in a specific direction. liquid crystal is interposed 
between the counter electrodes on the two substrates via the ahgnment film. 

In the above-mentioned hquid crystal display apparatus, the film is 
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preferably formed on each of the surfeces of the two substrates provided with the 
counter electrodes as the alignment film. This is advantageous in improving an 
ahgnment regulation force on the injected hquid crystal. 

In the above-mentioned hquid crystal display apparatus, the film on the 
surfece of the substrate preferably comprises a plurahty of patterned sections each 
having a different alignment direction. This makes it possible to provide a hqmd 
crystal display apparatus havic^ multi-domain ahgnment easily 

The above-mentioned liquid crystal display apparatus is preferably used 
in an BPS system (an inplane switch i^stem or a lateral driving system) where the 
counter electrodes are formed on a sur&ce of one substrate. This is advante^eous 
because tihe viewing an^e can be significantly improved. 

A third hquid crystal display apparatus of the present invention has a 
structure where a film is formed as an al^imaent film for hquid crystal directly on 
the surface provided with electrodes on at least one substrate of the two substrates 
provided with counter electrodes or indirectly via another film. The film is 
constituted by molecules containing carbon chains or siloxane bond chains, a part 
of the carbon chain or the siloxane bond chain containing at least one fianctional 

group for controlling a surfoce energy of the film. liquid crystal is interposed 
between the counter electrodes on the two substrates via the alignment film. 
This makes it possible to provide a hquid crystal display apparatus in which the 

critical stirfeice energy of the ahgnment film is controlled, the pre-tilt angle of the 

injected hquid crystal is controlled, and the hquid crystal is aligned in an arbitrary 

direction, without performing conventional rubbing. 

In the above-mentioned hquid crystal display apparatus, when the film is 

formed on each of the surfaces of the two substrates provided with the counter 

electrodes as the ahgnment film, it is possible to provide a hquid crystal display 

apparatxis having a higher contrast. 

In the above-mentioned hquid crystal display apparatus, it is 

advantageous to form a plvurahty of pattemed sections each having a different 

ahgnment direction in the film on the surfece of the substrate, because the display 

viewing angle can be significantiy improved. 

The above-mentioned hquid aystal display apparatus can be used as a 

display device of an inplane switch (EPS) type where the coxmter electrodes are 

formed on a siurfece of one substrate. 



12 



Afourth liquid crystal di^lay apparatus of the present invention has a 
structure where a resin film transparent in a visible light range and having energy 
beam sensitive groups and thermoreactive groups is formed direcfly on electrodes 
or indirecdy via an arbitrary thin film, and at least the energy beam senative 
5 groups are reacted and crosslinked. The thus obtained fiquid crystal alignment 
film is formed on electrodes on at least one substrate of counter electrodes. 
Liquid crystal is interposed between tiie coxmter electrodes on the two substrates 
via the resin film. 

Next, a method for producing a first liquid crystal display apparatus of the 
10 present invention includes the steps of applying and forming an energy beam 

sensitive resin fihn for generating functional groups containing active l^rdrogen by 
energy beams directiy or indirecfly via an arbitrary thin film on a first substrate 
indudir^ first electrode arrays arranged in a matrix beforehand, irradiating the 
surfoce of the resin fihn with energy beams in an arbitrary pattern, contacting the 
15 substrate with the irradiated resin fihn with a chemisorption solution containing a 
silane-based surfoctant having linear carbon chains and Si, washing the substrate 
with a solvent incapable of dissolving the resin film, thereby forming one layer of a 
monomolecular fihn formed of the surfoctant selectively in the irradiated portion, 
and aligning and fixing the linear carbon chains, attaching the first substrate 
20 including the first electrode arrays to a second substrate induding second 

eledrodes or eledxode arrays so that the respective electiodes are countered with 
a predetermined gap, and injecting predetermined hquid crystal between the first 
substrate and the second substrate. 

A method for producing a second hquid crystal display apparatus indudes 
25 the steps of contacting a first substrate including first electrode arrays arranged in 
a matrix beforehand with a chemisorption solution directiy or after forming an 
arbitrary thin film so as to cavise a chemical reaction between the surfoctant 
molecules in the adsorption solution and the sxirfeice of the substrate, thereby 
bonding and fixing the surfeictant molectdes to the surface of the substrate at one 
30 end, washing tiie substrate with an organic solvent, tilting the substrate in a 

deared direction so as to drain the solvent off the substrate, thereby alining the 
fixed molecules in the direction in which the solvent is drained of^ exposir^ the 
substrate to li^t polarized in a desired direction via a polarizii^ plate so as to 
align the orientations of the surfactant molecxiles \miformly in a specific direction 
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at a desired tilt, attaching the first substrate including the first electrodes to a 
second substrate or a second substrate including second electrodes or electrode 
arrays so that the faces provided with the electrodes are facing inward with a 
predetermined gap, and injecting predetermined liquid ciystal between the first 
5 substrate and the second substrate. 

In the above-mentioned method, in the step of exposing the substrate to 
light polarized in a desired direction via a polarizing plate so as to ali^ the 
orientations of the bonded sur&ctant molecules uniformly in a specific direction at 
a desired tilt, it is preferable to repeat the step of e3q)osure with a patterned mask 

10 disposed on the polarizing plate several times, because this can provide a liquid 
crystal display apparatus having so-called multi-domain alignment where a 
plurality of patterned sections each having a different alignment direction are 
formed on one face of the alignment film. 

A method for producing a third hquid crystal display apparatus of the 

15 present invention includes the steps of contacting a first substrate including first 
electrodes arranged in a matrix beforehand with a chemisorption solution directly 
or after forming an arbitrary thin film, the chemisorption solution being produced 
by using a silane-based surfactant containing carbon chains or siLoxane bond 
chains, at least a part of the carbon chain or the siloxane bond chain containing at 

20 least one functional group for controlling a surface energy of a formed film, so as to 
cause a chemical reaction between the surfectant molecules in the adsorption 
solution and the surface of the substrate, thereby bonding and fixing the 
surfeictant molecules to the surfece of the substrate at one end, washing the 
substrate with an organic solvent, tilting the substrate in a desired direction so as 

25 to drain the solvent off the substrate, thereby aligning the fixed molecules in the 
direction in which the solvent is drained ofi^ attaching the first substrate including 
the first electrode arrays to a second substrate or a second substrate including 
second electrodes or electrode arrays so that the feces provided with the electrodes 
are fedng inward with a predetermined gap, and injectii^ predetermined Kquid 

30 crystal between the first substrate and the second substrate. This method makes 
it possible to produce a hquid crystal display apparatxis eflS^dentiy. 

In the above-mentioned method, it is preferable to perform the further 
step of exposing the substrate to light polarized in a desired direction via a 
polarizing plate so as to align the orientations of the surfectant molecules 
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tmiformly in a specific direction at a desired tilt after the step of aligning the fixed 
molecules. This makes it possible to realize a liqxiid crystal display apparatus 
having excellent alignment characteristics. 

In the above-mentioned method, ia the step of ejqposii^ the substrate to 
Hght polarized in a desired direction via a polarizing plate so as to ali gn the 
orientations of the bonded sxirfiactant molecxiles nniformly in a spedfic direction at 
a desired tilt, it is preferable to repeat the step of e^qposure with a patterned mask 
disposed on the polarizing plate several times so as to form a plurality of patterned 
sections each having a different alignment direction on one &ce of the alignment 
film, because this can provide a liquid crystal display apparatus having multi- 
domain alignment. 

Amethod fcr producing a fourth liquid crystal display apparatus of the 
present invention includes the steps of applying and forming a resin film 
transparent in a visible Hght range and having energy beam sensitive groups and 
thermoreactive groups directly or indirectly via an arbitrary thin film on a first 
substrate including first electrode arrays arranged in a matrix, at least irradiating 
the resin film with energy beams through an arbitrary mask so as to react and 
crosslink the energy beam sensitive groups, attaching the first substrate including 
the first electrode arrays to a second substrate including second electrodes or 
electrode arrays opposed to the first electrode arrays so that the respective feces 
provided with the electrodes are opposed to each other, and injecting 
predetermined liquid crystal between the first substrate and the second substrate. 

Brief Description of Drawings 

Figure 1 is a schematic cross-sectional view for illustrating an exposure 
process in produdi^ a Kquid crystal alignment film in Example 1 of the present 
invention. 

Figure 2 is a schematic view of portion A in Hgure 1 enlarged to a 
moleciilar level showing a -COOH group portion formed on a surfece of a 
sxibstrate by exposure. 

Figure 3 is a schematic view of portion Ain Figure 1 enlai^d to a 
molecidar level showing a fipophilic surfece portion in which a chemisorption film 
is formed. 

Figure 4 is a schematic cross-sectional view showing the orientation state 
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of liqxud crystals in a liqind crystal cell produced by using a Kquid crystal 
alignment film produced in Example 1 of the present invention. 

Figure 5 is a schematic cross-sectional view for illustrating an exposure 
process in producing a liquid crystal alignment film ia Example 2 of the present 
5 invention. 

Figure 6 is a schematic view of portion B ia Figure 5 enlarged to a 
molecular level showing a — COOH group portion formed on a surface of a 
substrate by escposure. 

F^ure 7 is a schematic view of portion B in Figure 5 enlarged to a 
10 molecular level showii^ a fipophilic surfeice portion in which a chemisorption film 
isfeamed. 

Q Figure 8 is a view for illustrating a process for generating carbo:^! groups 

N newly by a second exposure in Example 3 of the present inventioiL 

Figure 9 is a schematic cross-sectional view of a liquid crystal ahgiunent 
W 15 film for illustratir^ a state where two types of chemisorption films each having a 

different ahgnment direction are formed in Example 3. 
1= Figure 10 is a schematic cross-sectional view enlarged to a molecular level 

1>1 for illustrating a state where a siloxane monomolecular film is formed in Example 

iJ] 4 of the present invention. 

f f 20 F^ure 11 is a schematic cross-sectional view for illustrating production of 

a Kquid crystal display apparatus in Example 4 of the present invention. 

Figure 12 is a schematic cross-sectional view for illustratiag a 
chemisorption process performed for producing a monomolecular liquid crystal 
ahgimient film in Example 5 of the present invention. 
25 Figure 13 is a schematic cross-sectional view for lUustratiaig a washing 

process ia produdng a monomolecular Hquid crystal alignment film in Example 5 
of the present invention. 

Figure 14 is a schematic view of a cross section enlarged to a molecular 
level for illustrating a molecular orientation state in a monomolecular hquid 
30 crystal ahgnment film after washing with a solvent ia Example 5 of the present 
invention. 

Figure 15 is a schematic view of an esq^osure process performed for 
realigning adsorbed molecules by light exposure in Example 6 of the present 
invention. 
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Figure 16 is a schematic view for iQiistratii^ a molecular orientation state 
in a monomolecular liquid crystal al^nment film afber alignment with light in 
Example 6 of the present invention. 

Figure 17 is a schematic view of a cross section enlai^ to a molecular 
level for illxistrating a molecular orientation state of a monomolecular 
chemisorption fihn after alignment with l^t in Example 6 of the present 
invention. 

F^ure 18 is a schematic cross-sectional view enlai^d to a molecular level 
for illustrating a state (before a reaction with moisture in the air) where a 
chlorosilane monomolecular film is formed in Example 8 of the present invention. 

Figare 19 is a schematic cross-sectional view enlai^d to a molecular level 
for illustrating a state where a sfloxane monomolecular film is formed in Example 
8 of the present invention. 

Figure 20 is a schematic CTOss-sectional view for illustrating production of 
a liquid crystal display apparatus in Example 9 of the present invention. 

Figure 21 shows an absorption spectrum of FTIR measured in a direction 
perpendicular to a Mii^ direction in Example 11 of the present invention. 

Figure 22 shows an absorption spectrum of FTIR measured in a direction 
parallel to the lifting direction in Example 11 of the present invention. 

Figure 23 is a schematic cross-sectional view for fllxistrating a 
diemisorption process performed for producing a monomolecular liquid aystal 
alignment film in Example 12 of the present invention. 

F^ure 24 is a schematic cross-sectional view for illustrating a washing 
process in producing a monomolectilar liquid crystal alignment fihn in Example 12 
of the present invention. 

Figure 25 is a schematic view of a cross section enlarged to a molecular 
level for illustrating a molecular orientation state in a monomolecular liqmd 
crystal alignment film after washing with a solvent in Example 12 of the present 
invention. 

Figtire 26 is a schematic view of an exposure process performed for 
reahgning adsorbed molecules by light «q)ostire in Example 12 of the present 
invention. 

Figure 27 is a sdiematic view for illustratii^ a molecular orientation state 
in a monomolecular liquid crystal alignment fihn after a%ament with h^t in 
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Example 12 of the present invention. 

Figure 28 is a schematic view of the a cross section enlarged to a 
molecular level for illustrating a molecular orientation state of a monomolecular 
chemisorption film after alignment with Hght in Example 12 of the present 
invention. 

F^ure 29 is a schematic cross-sectional view enlai^d to a molecular level 
for iUustrating a state (before a reaction with moisture in the air) where a 
chlorosilane monomolecular film is formed in Example 13 of the present invention. 

Figure 30 is a schematic cross-sectional view eiilarged to a molecxdar level 
for illustrating a state where a siloxane monomolecular film is formed in Example 
13 of the present invention. 

Figure 31 is a schematic cross-section^ view for illustrating production of 
a hquid crystal display apparatus in Example 14 of the present invention. 

Figure 32 is a cross-sectional view showing processes for producing a 
hquid crystal ahgnment film in Example 18 of the present invention. 

Figure 33 is a view showing spectral sensitivity characteristics of a 
photosensitive and thermosetting resin in a hquid crystal alignment film in 
Example 18 of the present invention. 

Figure 34 is a cross-sectional view of a hquid crystal display device in 
Example 19 of the present invention. 

Best Mode for Carrying Out the Invention 

A first hquid crystal ahgnment film of one embodiment of the present 
invention is produced by a method comprising the steps of applying and fo rmin g 
an energy beam sensitive resin film for generating functional groups containing 
active hydrogen by energy beams directly or indirectly via an arbitrary thin film 
on a predetermined portion on a surfeice of a substrate provided with electrodes, 
irradiating the surfeice of the resin film with eneigy beams in an arbitrary pattern, 
contactii^ the irradiated resin film with a chemisorption solution containing a 
silane-based surfectant having linear carbon chains and Si groups, washing the 
resin film with a solvent incapable of dissolving the resin film, thereby forming one 
layer of a monomolecular film formed of the sirrfeictant selectively in the irradiated 
portion, and ahgning and fixing the linear carbon chains in the surfeictant 
molecules. 
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Fiarthermore, a first liquid crystal display apparatus of one embodiment 
of the present invention is produced by a method comprising the steps of appljdng 
and forming an energy beam sensitive resin film for generating functional groups 
containing active hydrogen by energy beams directly or indirectiy via an arbitrary 
thin film on a first substrate including first electrodes arranged in a matrix 
beforehand, irradiating the surfece of the resin film with energy beams in an 
arbitrary pattern, contacting the substrate with the irradiated resin film with a 
chemisorption solution containing a silane-based sxirikctant having Knear carbon 
chains and Si, washing the substrate with a solvent incapable of dissolving the 
resin film, thereby forming one layer of a monomolecular film jformed of the 
surfactant selectively in the irradiated portion, and aligning and fixing the linear 
carbon chains, attachii^ the first substrate induding the first electrodes to a 
second substrate induding second electrodes or electrode arrays so that the 
respective electrodes are opposed with a predetermined gap, and injecting 
predetermined Hqmd aystal between the first substrate and the second substrate, 

A second hquid crystal alignment film of one embodiment of the present 
invention is produced by a method comprising at least the steps of contacting a 
substrate provided with electrodes with a chemisorption solution so as to cause a 
chemical reaction between the surfectant molecules in the adsorption solution and 
the surfeice of the substrate, thereby bonding and fixing the surfectant molecules 
to the surfece of the substrate at one end, washing the substrate with an organic 
solvent, tilting the substrate in a desired direction so as to drain off the solvent, 
thereby firstiy ahgning the fixed molecules in the direction in which the solvent is 
drained ofi^ and exposing the substrate to Kght polarized in a desired direction via 
a polarizing plate so as to ahgn the orientations of the surfactant molecules 
uniformly in a specific direction at a desired tilt. 

Furthermore, a second Hquid crystal display apparatus of one 
embodiment of the present invention is produced by a method comprising at least 
the steps of contacting a first substrate including fiast electrodes arranged in a 
matrix beforehand with a chemisorption solution directly or after forming an 
arbitrary thin film so as to cause a chemical reaction between the stirfactant 
molecules in the adsorption solution and the sttrfeoe of the substrate, thereby 
bonding and filing the stirfectant molecules to the surfece of the substrate at one 
end, washing the substrate with an organic solvent, tUting the substrate in a 
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desired direction so as to drain the solvent off the substrate, thereby aligning the 
fixed molecules in the direction in which the solvent is drained oS, e^qposing the 
substrate to Ught polarized in a desired direction via a polarizing plate so as to 
align the orientations of the surfiactant molecules uniformly in a specific direction 
at a desired tilt, attaching the first substrate including the first electrode arrays to 
a second substrate or a second substrate including second electrodes or electrode 
arrays so that the feces provided with the electrodes are fedng inward with a 
predetermined gap, and injecting predetermined liquid crystal between the first 
substrate and the second substrate. 

A third liquid crystal alignment film of one embodiment of the present 
invention is produced by a method compiisii^ at least the steps of contacting a 
substrate provided with electrodes with a chemisorption solution produced by 
xising a silane-based surfectant containing carbon chains or siloxane bond chains, 
at least a part of the carbon chain or the sUoxane bond chain containing at least 
one functional group for controlling a surfece energy of a formed film, thereby 
causing a chemical reaction between the surfectant molecules in the adsorption 
solution and the surfece of the substrate so as to bond and fix the surfectant 
molecules to the surfece of the substrate at one end. 

Furthermore, a third hquid crystal display apparatus of one embodiment 
of the present invention is produced by a method comprising at least the steps of 
contacting a first substrate including first electrode arrays arranged in a matrix 
beforehand with a chemisorption solution directly or after forming an arbitrary 
thin film, the chemisorption solution being produced by vising a alane-based 
surfectant containing a carbon chain or a siloxane bond chain, at least a part of the 
carbon chain or the siloxane bond chain containing at least one fimctional group 
for controlling a surfece energy of a formed film, so as to cause a chemical reaction 
between the svirfectant molecules in the adsorption solution and the surfece of the 
substrate, thereby bonding and fixing the surfectant molecules to the surfece of 
the substrate at one end, washing the substrate with an organic solvent, tilting the 
substrate in a desired direction so as to drain off the solvent, thereby aligning the 
fixed molecxiles in the direction in which the solvent is drained oft attaching the 
first substrate including the first electrode arrays to a second substrate or a second 
substrate including second electrodes or electrode arrays so that the feces provided 
with the electrodes are fedng inward with a predetermined gap, and injecting 
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predetermined liqtiid crystal between the first substrate and the second substrate. 

A fourth hqxud crystal alignment film of one embodiment of the present 
invention will be generally described below. 

First, a resin film transparent in a visible light range and having enei^ 
5 beam sensitive groups and thermoreactive groups is applied and formed on a 

predetermined surfe.ce of a substrate provided with electrodes direcfly or indirectly 
via an arbitrary thin film. Next, the substrate with the resin film is irradiated 
with enei^ beams through an arbitrary mask so as to react and crosslink the 
energy beam sensitive groups, 
10 At this time, if the energy beam sensitive groups are photosensitive 

groups, and the step of irradiatLng the film with light through a mask so as to react 
the photosensitive groups in the film not only to crosslink between prindpal chains 
but also to align and fix side chain groups is included, rubbing is not required as 
performed conventionally and an ordinary exposure apparatus can be used, thus 
15 simplifying the production process of the Hquid crystal alignment film. 

Furthermore, when the resin film was irradiated with light through a 
polarizing film or a dififraction grating as a mask, a liquid ciystal alignment film 
having striped convexities and concavities was produced efBLciently. 

At this time, when exposvtre was performed obHquely throxigh a polarizing 
20 film or a diffraction grating, or exposure is performed through a polarizing film 
and then exposure is performed obliquely through a diEfraction grating, or 
exposxire is performed through a diflSraction grating and then exposure is 
performed obhquely through a polarizing film, a hquid crystal ahgnment film 
capable of controlling the pre-tilt angle of the interposed hquid crystal as well was 
25 produced. In the process of e:^osure via the difBraction grating, it was important 
to expose the photosensitive film to light to an extent that convexities and 
concavities are generated on the surfe^ce thereof in order to stabilize the ahgnment. 

Furthermore, when heat is apphed so as to react the thermoreactive 
groups before or afl:er radiatii^ energy beams so as to crosslink the energy beam 
30 sensitive groups, the heat resistance of the alignment of the Kqtdd crystal was 
improved. Electron beams, X rays, or ultraviolet rays are usable as the energy 
beams, but ultraviolet rays provided higher practicabihty. 

It is highly advantageous in producing a hquid crystal alignment film to 
USB a substance represented by (formula 1) as the resin transparent in a visible 
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light range and having energy beam sensitive groups and thermoreactive groups, 

because the substance has a high ultraviolet ray sensitivity, and a thermal 

crosshnldng reaction also can be utilized. 

In formula 1, energy beam sensitive benzalacetophenone groups and 
5 thermoreactive giyddyl groups are introduced as side chain groups, and 

hydrocarbon groups (-CH3) are further introduced as side chain groups. 

Therefore, compared with substances containing no hydrocarbon groups as side 

chain groups, the stibstance represented by (formula 1) provided an improved 

alignment stability. Furthermore, in this case, it was important to expose the 
10 transparent resin film to h^t to an extent that convexities and concavities in the 

range from 1 to 100 nm were generated on the surfeoe thereoi^ in order to improve 

the ahgnment stability of the liquid crystal 

By using the above-mentioned methods, a resin film transparent in a 

visible Hght range and having energy beam sensitive groups and thermoreactive 
15 groups was formed directly on electrodes or indirectly via an arbitrary thin film, 

and a rubbing-fi:ee liquid crystal ahgnment film formed of a film obtained at least 

by reacting the energy beam sensitive groups was produced by a remarkably 

simple method. 

The fourth hquid crystal display apparatiis of one embodiment of the 
20 present invention was produced by a method comprising the steps of applying and 
forming a resin film transparent in a visible Hght range and having energy beam 
sensitive groups and thermoreactive groups directly or indirectly via an arbitrary 
thin film on a first substrate induding first electrodes arranged in a matrix 
beforehand, at least irradiating the resin film with energy beams through an 
25 arbitrary mask so as to react and crosslink the energy beam sensitive groups, 
attaching the first substrate induding the fiirst electrodes to a second substrate 
includir^ second electrodes or electrode arrays opposed to the first electrode arrays 
so that the respective feices provided with the electrodes are opposed to each other, 
and injecting predetermined Hquid crystal between the first siibstrate and the 
30 second substrate. By the above-mentioned method, a resin film transparent in a 
visible light range and having energy beam sensitive groups and thermoreactive 
groups was formed, and the film was at least irradiated with energy beams 
through an arbitraiy mask so as to react and crossUnk the energy beam sensitive 
groups. The thus obtained film was formed on electrodes on at least one 
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substrate of the ootinter electrodes on tiie two substrates as an alignment film for 
liquid crystal Thxis, a liquid crystal display apparatus havire a structure in 
which liquid crystal is interposed between the counter electrodes on the two 
substrates via the film was produced with remarkably high efficien(y. 
5 The present invention will be spedfically described by way of examples. 

(Example 1) 

First, as shown in Figure 1, an energy beam sensitive resin ( a 
photosensitive resin in Ibis example) was applied onto a surfece of a glass 
substrate 1 provided witb transparent electrodes. In this example, a positive 

10 resist mainly composed of a novolak resin and comprising a naphthoquinone 

diazido-based photosensitizer containing the group represented by (formula 2) (e.g., 
OFPR800 or OFPR5000 manufecturedby Tbl^To Ohka Kogyo Co., Ltd. or AZ1400 
or AZ5200 manu&ctured by SHIPLEY, or a monomolecular film formed of 
monomers containing naphthoqiunone diazido groups can be used) was used as 

15 the energy beam sensitive resin. The resin was applied to a thickness ofO.l to 0.2 
/X m and dried so as to form a photosensitive film 2. Next, using a mask 3 having 
a desiced pattern, the film was exposed to ulteaviolet rays (365 nm) at about 100 
mJ/cm^ Then, moisture in the air and the resist reacted and the reaction 
represented by (formula 5) below proceeded in an exposed portion 2'. 

20 (form;ila5) 

Nn O COOH 

II II I 

-C-C- + HgO — (-CH-) + Ngt 

25 

Since the -<X)OH group generated by the exposure contains active 
hydrogen, condensation (a dehydrodJorination reaction) was effected in 
combination with -Sid gro\q)s. 

Then, by using CH3(CH2)i8SiCl3 as a sOane-based surfoctant containing 
30 linear hydrocarbon groups and Si (hereinafter; referred to as a chemisorption 

compound) and dissolvii^ it in a nonaqueous solvent at a concentration of about 1 
wt %, a chemisorption solution was prepared. As the nonaqueous solvent, 
Afulude (manufoctured by Asahi Glass Co., Ltd., a fluorine-based solvent) solution 
was used. Since this solvent is inactive with respect to a positive resist, it does 
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not injxure the resist film even if tiie resist filrn is in contact with the solvent The 
thus prepared solution was used as an adsorption solution, and the exposed 
substrate 4 was immersed in the adsorption solution in a dry atmosphere (a 
relative humidity of 30 % or less) for 5 minutes. Thereafter, the substrate was 
5 lifted fix)m the solution, and washed with a fluorine based nonaqueous solvent (e.g., 
Fluorinert PF5080 (3M product name)) (since this solvent is also inactive with 
respect to a positive resist, it does not injure the resist film even if the resist film is 
in contact with the solvent.) Then, the exposed portion on the svirface of the 
substrate contains a lai^ number of -COOH (carboxyl groups) 5 (Figure 2, which 

10 is an enlai^d view of portion Aof Figure 1), so that a dehydrochlorination reaction 
was effected between tiie SiCl groups of the substance containing hydrocarbon 
groups and chlorosDyl groups and the carbo3Q^l groups, thereby generating bonds 
represented by (formula 6) below selectively in the e^qposed portion. The line 
breadth and the pitch were 0.3 iim. 

15 (formulae) 



o- 

20 In the above-described treatment, a monomolecular chemisorption fihn 6 

cx)ntaiiiing hydrocarbon was formed in a thickness of about 25 A (2.5 nm) 
selectively in the exposed portion by being chemically bonded via siloxane covalent 
bonds, and the treated portion became Hpophilic At this time, the linear carbon 
chains in the chemisorption film were aligned substantially perpendicular to the 

25 substrate (Figure 3, which is an enlarged view of portion Aof Figure 1). The 
critical sur&.ce energy of the chemisorption film was 20 mN/m* 

Then, two substrates in this state were set in such a manner that the 
chemisorption films were feeing each other, so as to assemble a hquid crystal cell 
having a 20 micron gap. Thereafter, nematic Kquid crystal (^114792 

30 manu&ctured by Merck & C5o., Inc.) was injected. When the orientation state 
was observed, it was confirmed that the injected liquid crystal molecules were 
ahgned along the chemically adsorbed moleciiles and substantially perpendicxdar 
to the substrate. In other words, this monomolecular film exhibited a 
perpendicular ahgmnent function for hquid crystal. At this time, since no 
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monomolecular film was formed in an unexposed portion, liquid crystal was 
aligned not vmiformly but at random. More specifically, when the substrate 
provided with such an alignment film was in contact with Kqmd crystal, as shown 
in Figure 4, the liquid crystal molecules 7 were partially inserted in the gaps of 
long carbon chains 8 of the monomolecular adsorption film. Thtis, the orientation 
of the liqxiid crystal was controlled as a whole. On the other hand, since such an 
alignment regulation force was not present in the portion provided with no 
monomolecular film, namely the unexposed portion, the Uquid crystal molecules 7' 
were not aligned uniformly. 

In place of the surfectant that is a chemisoiption oompoimd, a plurality of 
silane-based sur&ctants mixed in a predetermined ratio (e.g., two sur&ctants each 
having a different length of a linear caribon chain) were mixed so as to cause 
chemisorption at the same time. In this case, voids on the molecular level were 
generated in the monomolecular film, and the liquid crystal molecules were 
aligned along the voids. Therefore, it was confirmed that the orientation an^e of 
the hquid crystal was controlled by changing the composition. More specifically, 
when a sUane-based surfeictant having an arbitraiy substituent at a part of its 
linear long carbon chain and a trichlorosflyl group at the otiier end was mixed with 
a silane-based surfeictant having an arbitrary substituent at a part of its short 
carbon chain and a trichlorosilyl group at the other end at a predetermined ratio 
so as to cause adsorption, it was possible to change the orientation characteristics. 

Furthermore, when a silane-based surfactant containing polymeric 
groups, bonded to liquid crystal molecules similar to the liquid crystal to be 
incorporated, in a part of substituent (e.g., nematic liqtdd crystal portion) was 
mixed with a siiane-based sur&ctant containii^ short carbon chains and 
polymeric groups at a predetermined ratio, so as to cause adsorption and 
polymerization, an aligimaent film havii^ excellent orientation characteristics 
especially with respect to specific liquid crystal to be injected was obtained. In 
particular, in the case where those molecules similar to the molecules of the liquid 
aystal be injected were of ferroelectric liquid crystal, when a silane-based 
surfactant having a ferroelectric Uquid crystal portion was mixed with a silane- 
based surfectant having short carbon chains at a predetermined ratio so as to 
cause adsorption, a monomolecular adsorption and alignment film having an 
excellent response rate was formed. As the ferroelectric hquid crystal, 
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azomelimie-based, azo^-based or ester-based liquid crystal was usable. 

A material for chemisoiption is not limited to the silane-based sur&ctant 
shown in Example 1, but any material can be used as long as it contains groups 
having a bonding property with respect to -OH groups (e.g., chlorosilyl groups, 
5 isoqyanate silyl groups, alkosgrsilyl groups or the like). 

For example, even when a silane surfectant CF3 -(CH^)^ - C = C — (CH^^i 
— SiClg (m: an integer of 0 to 8; n: an integer, most preferably of about 10 to 25) or 
CF3 - (CF^p - (CHa)^ -C = C - (CHa)^ - SiClg (p: an integer of 0 to 7; m: an integer 
of 0 to 4; and n: an integer of 1 to 8) containing F (fluorine) at a part of the linear 
10 hydrocarbon chain was used, a monomolecular adsorption film having an 

alignment fimction was produced In the case where CF3 ~- (ClrL^^ — C = C— 
y (CHa)^ - SiClawas xised, the critical surfece energy of the chemisoiption film was 

5 15nLN/m, Inthecase where CF3-(CF2)p-(CH^^--C = C-(C^ 

y xised, the critical surfece energy of the chemisorption film was 8 mN/m. Thus, 

hj 15 especially when F atoms were introduced, the surfeice energy of the alignment film 

became small, and the response characteristic of liquid crystal was improved. 
u The critical surfece energy in the portion (on the smrfeice of the resin) provided 

}f with no chemisorption film (monomolecular film) was 25 mN/m. 

n Any other resist (polymer films) or surfectant (monomer films) than the 

□ 20 novolak resist containing naphthoquinone diazido can be used, as long as it has 
functional groups that generate active hydrogen by irradiation of a variety of 
energy beams. 

For example, the monomer or the polymer represented by (formxila 7) 
below containing (formula 3), or the monomer or the polymer-represented by 
25 (formula 8) below containing (formula 4) can be used 
(formula 7) 

- (CH^-CH) ^- (CH2-CH)^ 

30 ^ = 0 S«5 ^6^4^" 

I I 

0-N = C 

^ (where m and n are integers.) 

CH3 
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CEbrmulaS) 

- (CH2-CH) „- (CH2-CH)„ 

5 so, 

o 

I 

H-C-CH, 
I ^ 

c=o 

10 c H- (where m and n are integers.) 

Herein, a decarboxylation reaction proceeds in the group represented by 
(formula 3) with tdtraviolet rays, and a reaction with moisture in the air is effected, 
so that amino groups containing active hydrogen are generated, as shown in 
15 (formula 9) below, 
(formula 9) 

o , 

i II 1 light 1 ' 

(-C-C-O-N-C) - (~CO + COgt + (-N^C) - 
I I f ' 

i i 1 

On the other hand, the group represented by (formida 4) is degraded by 
ultraviolet rays, and sulfonic groups containing active hydrogen are generated, as 
25 shown in (formula 10) below. 

(formula 10) ^ 

HO ^ 

I li li 
-SOg-O-C-C-CHg -SOgH + HgC^C-C-CHg 

30 CH3 

In the above example, CH3(CEy ig^iClg was used as the hydrocarbon 
based surfectant. However, other compoimds as shown below were usable. 
CH3(CH2)nSiCl3 (n is an integer, preferably of 7 to 24) 
CH3(CH2)pSi(CH3)2(CH2)qSiCl3 (p and q are integers, preferably of 0 to 10) 
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CH3COO(CH2)^SiCl3 (m is an integer, preferably of 7 to 24) 

Fxrrthermore, in place of the hydrocarbon based sttrfectant, a carbon 
fluoride-based surfactant, such as CF3(CF2)7(CH2)2Sia3, CF3CH20(CH2)j5SiCl3, 
CF3(CH2)2Si(CH3)2(CH2)a5SiCl3, F(CF^4(CH^2Si(CH3)2(CH2)eSiCl3, 
5 F(CF2)8(CH2)2Si(CH3)2(CH2)9SiCl3, CF3COO(CH2)i5Sia3, CF3(CF^5(CH^2SiCl3 or 
the like, was xxsable. 
(Example 1-2) 

The same experiment as Example 1 was performed, except that 
CH3(CH2)i4SiCl3 and NC(CH2)i4SiClg, which contain a linear hydrocarbon group 
10 comprisii^ one fimctional group for controlling the surfeice energy of a film at the 

p terminal and Si, were used as the silane-based surfoctant after the exposure of the 

entire fece (they were mixed at a mole ratio of 1:1). 

Q As a resvdt of the reaction with the chlorosilane-based sur&ictant, a 

fJl monomolecvdar chemisorption film was formed selectively in the portion on the 

ij 15 siuiace of the substrate where hydroxyl groups have been generated by exposure. 

This monomolecular film was chemically bonded thereto via siloxane bonds in a 

III thickness of about 1.5 nm. The critical sur&ce energy of the chemisorption film 

Q was about 27 mNZm. 

Ftirthermore, two substrates in this state were used so as to be set so that 

M 20 the chemisorption films were faring each other. Thus, a liquid crystal cell having 

a 20 micron gap was assembled so that an anti-parallel orientation was obtained, 
and then nematic hquid crystal (ZLI4792 manufectured by Merck & Co., Inc.) was 
injected. When observing the orientation state in the portion where the 
monomolecular film was formed, the injected Hquid caystal rtiolecules were aligned 
25 substantially along the chemically adsorbed molecules at a pre-tilt ar^e of 65 

with respect to the substrate in the direction opposite to the direction in which the 
substrate had been lifl:ed &om the washing solution (hereinafter, referred to as a 
lifting direction). 

At this time, when the composition of CH3(CH^i4SiCl3 and NC(CH^i4SiCl3 
30 was changed in the range of 1:0 to 0:1 preferably 10:1 to 1:50), the critical surfece 
enei^ was changed &om 20 mN/m to 29 mN/m, and the pre-tilt angle was able to 
be controlled arbitrarily in the range fix)m 90 * to 40 * . Furthermore, when a 
sxirfactant containing fluorine as a chemisorption compound such as 
CF3(CF^5(CH2)2SiCl3 was added, the critical sur&ce energy was reduced to 15 
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mN/m. 
(Example 2) 

First, a positive resist 22 (e.g., AZ1400 manufectiired by SHIPLEY ) 
mainly composed of a novolak resin and comprising a naphthoquinone diazido 
5 based photosensitizer containing the group represented by (formtda 2) was apphed 
onto a surfece of a glass substrate 21 provided with TFT arrays having pixel 
electrodes on their sur&ces to a thickness of 0. 1 to 0.2 ii m and dried so as to form 
a film. The critical surfece energy ofthe film was 28 mN/m. Next, using a 
photomask 23 for dividing each pbcel (a polarizing plate or a diflfraction grating 
10 may be disposed on the mask for dividing the pixel for the purpose of improving 
H the alignment property of the adsorption film), the positive resist was exposed to 

% light of435nm at 100 mJ/dn^ (Figure 5). As a result, the resist reacted with 

M moisture in the air in an exposed portion 22' so as to proceed the reaction 

\i representedby (formula 5). At this time, since -^JOOH group 25 geiierated by 

y I 

W 15 the exposure contains active hydrogen (F^ure 6, which is a partially enlarged 

view of portion B of Figure 5), a dehydrochlorination reaction was effected in 
combination with SiCl groups. 
Jjif Then, by Tniving a nonaqueous solvent with a substance comprisit]^ 

\j\ hydrocarbon groups and chlorosilyi groups, for example, by dissolving 

J J 20 CH3(CH2)i3SiCl3 in Afixlude (manufectured by Asahi Glass Co., Ltd, a fluorine 

based solvent) in a concentration of about 1 wt %, an adsorption solution was 
prepared. Then, the exposed substrate 24 was immersed in the adsorption 
solution in a dry atmosphere (a relative himaidity of 30 % or less) for 5 minutes. 

Thereafter, the substmte was lifted fix)m the solution, and washed with a 
25 fluorine based solvent (e.g., Fluorinert PF5080 (3M product name)). Since the 
exposed portion on the svirfece of the substrate contains a large number of -COOH 
(carboxyl groups), a dehydrochlorination reaction was caused between the SiCl 
groups of the substance containing hydrocarbon groups and chlorosOyl groups and 
the carboxyl groups, thereby generating bonds represented by (formula 11) below 
30 selectively in the exposed portion. Thus, a chemisorption film 26 containing 

hydrocarbongroupswasformedinathicknessof about 15 A (1.5 nm) selectively 
in the exposed portion through chemical bonds (Figure 7, which is a partially 
enlarged view of portion B of Figure 5). The treated portion became water- 
repeDing and oil-repelling. 
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(fbrmiila 11) 

O- 
! 

CHg (CHg) ^gS i O- 

5 o- 

Furthermore, after an une^qposed pordon was entirely exposed (the 

exposure may be performed through a mask) (Figure 8), the substrate was 

immersed for 5 minutes in a second adsorption reagent, for example an adsorption 

solution pr^ared by dissolving CH^iCH^^iCl^ and CHgSidg at a mole ratio of 1:5 

10 so as to have the same concentration as above. Thereafter, the substrate was 

lifted from the solution, and washed with a fluorine based solvent (e.g., Fluorinert 

PF5080 (3M product name)). Then, smce the secondly exposed portion on the 

surfece of the substoite contains a large niunber of -COOH (carboxyl groups), a 

dehydrochlorination reaction was effected between the SiCl groups of 

15 CH3(CH2)9SiCl3 and CHaSiClg and the carbojc^l groups. Thus, a chemisorption 

film 27 containing hydrocarbon groups was formed in a thickness of about 10 A 

(1.0 nm) selectively in the exposed portion through chemical bonds (Figure 9). At 

this time, active groups were no longer present in the firstly adsorbed portion, and 

W a monomolecular film was formed, so that the second adsorption was not effected 

20 at all. Thus, the firstiy exposed and adsorbed portion 26 and the portion 27 

having a different alignment direction were formed in one pixel. In the exposxure 

process, when a i)olari2ing plate or a diffiraction grating was disposed on the mask, 

a monomolecular film havii^ the adsorbed molecules aligned in stripes was 

formed selectively. Furtiiermore, the critical siufece enei^ of the 

25 monomolecular film at this time was 20 mN/m. 

Then, two substrates 28 were set so that liie chemisorption films were 

facing each other, so as to assemble a liquid crystal cell having a 20 micron gap. 

Thereafter, nematic hquid crystal ^114792 manufiictured by Merck & Co., Inc.) 

was injected. When the orientation state was observed, it was confirmed that one 

30 pixel was constituted by a multi-domain having a portion where the injected Kquid 

atystal molecules were ahgned along the chemically adsorbed molecules and 

substantially perpendicular to the substrate and a portion where the injected 

hquid crystal molecules were ahgned obhquely with respect to the substrate. In 

order words, in this case, since the pixel portion was divided into two, an 
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alignment film having two domains of difEexent alignment directions of liquid 
aystal was produced. 

In order to increase the number of divisions, the e^osure and adsorption 
process iising a mask is repeated a desired nimiber of times. 
5 (Example 3) 

After e3q)osure and before the process of chemisorption of the molecules 
comprisii^ linear hydrocarbon groups in Example 1, the substrate was immersed 
in an adsorption solution prepared by dissolving a compoimd con tainin g a 
plurality of cUoiosilyl groups in a dry atmosphere. Then, a del^rdrochlorination 

10 reaction was effected hetween l^dro^l groups of the carboxyi groiq>s generated on 
the sur&ce of the resist and chlorosOyl gtoiips of the compounds cont ainin g a 
plurality of chlorosilyl groups. Thereaffeei; when a reaction with water was 
allowed to be efEected, the remaining chlorosilyl groves changed to hydrojcyl 
groups, so that a chemisorption film compriang a lai^ number of hydroxyl groups 

15 on its surfeice was formed. 

For example, SiCl4 was used as the silyl compound containing a plurality 
of chloro groups, and dissolved in Fluorinert FC40 (3M product name) so as to 
prepare an adsorption solution. Then, the exposed substrate was immersed in 
the adsorption solution. As a result, since -COOH groups were formed in the 

20 ejqposed portion of the resist 32', a dehydrochlorination reaction was effected on the 
sxarface so as to form (formula 12) and/or (formula 13). Thus, chlorosilane 
molecules were fixed to the surfece of tiie substrate in a pattern via - SiO - bonds, 
(formula 12) 

C 1 
I 

C 1 -S i O- 
I 

C 1 
30 

C 1 

1 

C I -S i 0- 
1 

o- 
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(formula 13) 



10 



Thereafter, when the substrate was washed with a nomqueoiis sohrent, 
e*g., Fluorinert FX3252 (3M product name), the SiCl4 molecules that had not 
reacted with the resist were removed, and ftirther allowed to react with water 
Then, a siloxane monomolecular adsorption film 33 represented by (formula 14) 
and (formula 15) was obtained on the surfeice (F%ure 10). 
(formula 14) 

OH 

I 

HO-S i O- 
I 

OH 



(formula 15) 

D OH 



15 



1 

HO~S i O- 



0- 

When the process of washing with a nonaqueoiis solvent, e.g., Fluorinert 
FX3252 (3M product name) was omitted, a polysHoxane chemisorption film was 
formed. 

20 Furthermore, since the thus obtained siloxane monomolecular fOm 33 

was firmly bonded to the resist via the chemical bonds of- SiO it was not peeled 
ojff. Furthermore, the obtained monomolecular film has a large number of SiOH 
bonds on its surfece. The SiOH bonds were generated in a number about twice or 
three times the o riginal ntmiber of -COOH groups. The treated portions in this 

25 state were highly hydrophiHa TTien, in this state, when the chemisorption 
process of the same substance comprismg hydrocarbon groxips as in Example 1 
was performed, a monomoleciilar chemisorption film comprising hydrocarbon as 
shown in Figure 1 was formed in a thickness of about 25 A (2.5 nm) selectively in 
the exposed portion by being chemically bonded thereto through covalent bonds of 

30 siloxane via the siloxane monomolecular film. At this time, since the adsorption 
sites (OH groups in this case) on the siurfeice of the substrate were about twice or 
three times as many as that in Example 1, the density of the adsorbed molecules 
was larger than that of Ekample 1. The treated portion became UpophiUc. The 
molecules of the chemisorption film in this case, although having a different 
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density, were aligned substantially perpendicular to the substrate in the same 
manner as the molecviles shown in Figure 3. 

Then, two substrates in this state were set so that the chemisorption films 
were fedng each other, so as to assemble a Kquid crystal cell havii^ a 20 micron 
gap. Thereafter, nematic hquid crystal (ZLI4792 manufectured by Merck & Co., 
Inc.) was injected. When the orientation state was observed, it was confirmed 
that the injected hquid crystal molecules were aligned along the chemically 
adsorbed molecules and substantially perpendicular to the substrate. In other 
words, this monomolecular film exhibited a perpendicular alignment function for 
Hquid crystaL At this time, Hqmd crystal was not aligned uniformly in an 
unexposed portion. 

As the silyl compoimd containing a plurality of chloro groups, compounds 
other than Sia4 described above, such as Q - (SiCl20)2 - SiQa, or SiHOg, SiHgCls, 
or CI — (SiCl^O),! — SiClg (n is an integer), were xxsable. 
(Example 4) 

Next, a production process in actually producing a hquid crystal display 
device by using the hqmd crystal alignment film described above will be described 
with reference to Figure 11. 

First, the resin containing energy beam sensitive groups represented by 
(formula 2) was diluted to 5 wt % in ethylceUosolve acetate so as to prepare a 
sensitizing solution (e.g., a novolak based positive resist such as AZ1400 may be 
used) beforehand. As shown in F^ure 11, a first substrate 43 includes first 
electrode arrays 41 moxmted in a matrix and transistor arrays 42 for driving the 
electrodes. A second substrate 46 includes color filter arrays 44 and second 
electrodes 45 opposed to the first electrode arrays. The prepared sensitizing 
solution was apphed onto the both electrodes on the first substrate and the second 
substrate by rotary-coating, so as to form a photosensitive rean film (a novolak 
based positive resist film) in the same maimer as Example 1. Thereafter, heating 
was performed at l(XfC for 10 minutes so as to remove the solvent to some extent. 
Then, a dififiraction grating of 1000 shts / mm (a polarizing plate can be used) was 
used as a mask and arranged so that the grating was parallel to the electrode 
pattern. Then, Hght having a wavelength of 435 nm (g mys) (at 28mJ/cm^ after 
passing through the mask) was radiated at 500 W by using an extra-hi^ pressxure 
mercury lamp &om the vertical direction for 5 seconds, so as to react 
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naphthoquinone diazide in the photosensitive novolak based positive resist. As a 
result, -* COOH groups were generated in the exposed portion in proportion to the 
extent of the ejq30sure. Then, when the chemisorption process was performed in 
the same manner as in Example 1, a liquid crystal alignment film 47 in which 
hnear hydrocarbon groups are ahgned along the electrode pattern was produced. 
Next, the first and the second substrates 43 and 46 were positioned so that they 
were opposed to each other, and fixed with spacers 48 and an adhesive 49 with 
about a 5 micron gap. Thereafter, the TN liquid aystal 50 was injected between 
the first and the second sxibstrates, and polarizing plates 51 and 52 were provided. 
Thxis, a display device was completed. 

Such a device was able to display images in the direction shown by arrow 
Aby being entirely irradiated with backlight 53 and by driving each transistor 
with video signals. 
(Example 5) 

A glass substrate 61 (comprising a lai^ n\maber of hydroxyl groups on its 
surfece) provided with transparent electrodes on its surfece was prepared and 
washed and sufficiently degreased beforehand. Next, by xising silane-based 
surfactants containing linear hydrocarbon groups as carbon chains and Si 
(hereinafter, referred to as a chemisorption compound), CN(CH2)i4SiCl3 and 
CHaSiClg (mixed at a mole ratio of 1:10), and dissolvii^ them in a nonaqueous 
solvent in a concentration of about 1 wt %, a chemisoiption solution was prepared. 
As the nonaqueoiis solvent, sufficiently dehydrated hexadecane was used. The 
thus prepared solution was used as an adsorption solution 62, and the substrate 
61 was immersed in (or coated with) the adsorption solution 62 in a dry 
atmosphere (a relative humidity of 30 % or less) for 50 minutes (Figure 12). 
Thereafter, the substrate was lifted from the solution, and washed with 
sufficiently dehydrated n-hexane 63, which is a nonaqueous solvent. Then, the 
substrate was lifted firom the washing solution while being tilted in a desired 
direction, the solution was drained of^ and the substrate was then exposed to the 
air containit^ moisture (Figure 13). Arrow 65 is a lifting direction. In the series 
of processes, a dehydrochlorination reaction was effected between SiCl groups of 
the chlorosilane-based surfectant and hydroxjrl groups of the sxnrfeice of the 
substrate, thereby generatii^ the bonds represented by (formulae 16 and 17), 
Furthermore, a reaction was effected with moisture in the air, thereby generating 
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the bonds represented by (formulae 18 and 19). 

(formula 16) C 1 

I 

N=C- (CHg ) i -O- substrate 

5 CI 
(formula 17) ^ ^ 

I 

C H„— S i — O — substrate 
^ I 
C I 

10 (formula 18) j 

0 
I 

N = C- (CHg) ^^-S i -O- substrate 

O 

15 (formula 19) ' 

i 

0 

I 

CH„-S i-0 - substrate 

^ 1 
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0 



By performing the above-described treatment, as a result of the reaction 
with the chlorosflane-based surfeictants, a monomolecular chemisorption film 64 
was formed in the portion on the sur&ce of the substrate having hydio3Qd groups. 
This monomolecular film was chemically bonded thereto via siloxane covalent 

25 bonds in a thickness of about Inm. The linear caihon chains of CN(CH^i4Si- in 
the chemisorption film were aligned at a tilt angle of 20'' inadirection 
substantially opposite to a direction 65 in which the substrate had been lifi;ed 6x>m 
the washing solution (P^ure 14). In order words, the orientation of tJie adsorbed 
and fixed molecules were generafly ahgned uniformly for the first alignment. By 

30 changing the composition of CN(CHy i^SiClg and CHgSiClg in the range fix)m 1:0 to 
0:1 ^preferably 10:1 to 1:50), the tilt angle was able to be controlled arbitrarily in 
the range fix)m 0** to 90\ In order to form a film selectively, the adsorption 
solution 62 can be printed on the surfece of the substrate 61 in a desired pattern 
with a printer. Furthermore, after the surface of the substrate is covered with a 
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resist selectively beforehand, the chemisorption process may be performed and the 
resist may be removed. In this case, since the chemically adsorbed film is not 
peeled off by an organic solvent, a resist that can be dissolved and removed by an 
organic solvent is used. 
5 (Example 6) 

The siibstrate obtained in Example 5 was xised. Apolarizdng plate 
(HNP'B) 66 (manufeictured by POLAROID) was disposed on the substrate so that 
the polarizing direction was substantially orthc^nal to a lifting direction. Then, 
they were irradiated with light 67 of 365 nm (i rays) by an extra-hi^ pressure 
10 mercury lamp at 100 mJ/cm^ In order to al^ the orientations of the adsorbed 
molecules tmiformly in one direction, it is necessary to deviate the polarizdi^ 
direction by some degrees, preferably several degrees or more fixjm SO*" , rather 
than aUowii^ the polarizing direction to intersect the lifting direction exactly by 
90 " (at the TnaYiTYinm, the polarizing direction may be parallel to the direction in 
15 which the solution had been drained off). If they intersect each other exactiy by 
90 , the molecules may be oriented in two directions (Figure 15). In Figure 15, 
arrow 73 denotes the polarizing direction. 

Thereafter, when the orientation of the linear carbon chains in the 
monomolecular chemisorption film 64* was examined, the tilt angle remained 
20 xmchanged, but the orientation 68 was changed to a direction substantially 
orthogonal to the ]i&mg direction. In addition, the non-uniformity of the 
orientation was alleviated compared with that at the first alignment (Figures 16 
and 17). In the Figure, reference ntimeral 69 denotes transparent electrodes. 

In order to change the orientation selectively, a procfess in which a desired 
25 mask was disposed on the polarizing plate and then exposure was performed was 
repeated a plxirahty of times. Thus, a monomolecular liquid crystal ahgnment 
film having different alignment directions in a pattem was produced easily. 

In this example, as a solvent containing no water for washing, a solvent 
containing an alkyl group such as a hydrocarbon based n-hexane was used, but 
30 any other solvents can be used, as long as it contains no water and dissolves a 
surfectant For example, in addition to that, a solvent containii^ a carbon 
fluoride group, a carbon chloride group or a siloxane group, such as Freon 113, 
chloroform, hexamethyldisiloxane or the hke, was usable. 
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(Example?) 

The same experiment as Example 5 was performed, e»»pt that 
CH3(CH2)i4SiCl3 and NC(CH2)i4SiCl3 comprising linear hydrocarbon groTq)s having 
one fimctional group for oontrolling surfeoe energy of a film at the terminal and Si 
5 were used as the silane-based surfeictant (by being mixed at a mole ratio of 1:1). 
As a result of the reaction with the chlorosilane-based sxufe.ctant, a 
monomolecvilar chemisorption fihn was formed selectively in the portion on tlie 
surfe.ce of the substrate where hydroxyl groups have been generated. This 
monomolecular film was cihemicalfer bonded thereto via siloxane covalent bonds in 
10 a thickness of about L5nm. The critical suifece energy of the chemisorption fihn 

was about 27 mN/m. 

Furthermore, two substrates in this state were used and set so that the 
chemisorption films were fedng each other. Thus, a Uquid crystal ceU having a 20 
micron gap was assembled so that an anti-parallel orientation was obtained, and 

15 then nematic hqmd crystal (ZLI4792 manufactured by Merck & Co., Inc.) was 
injected. When observii^ the orientation state in the portion where the 
monomolecular film was formed, the injected liquid crystal molecules were aligned 
substantially along the chemically adsorbed molecules with a pre-tilt angle of 
65 ° with respect to the substrate in the direction opposite to the direction in which 

20 the substrate had been lifted firom the washing solution. 

At this time, when the composition of CH3(CH2)i4SiCl3 and NC(CH2)i4SiCl3 
was changed in the range of 1:0 to 0:1 (preferably 10:1 to 1:50), the critical surface 
energy was changed from 20 mN/m to 29 mN/m, and the pre-tilt angle was able to 
be controlled arbitrarily in the range from. QCto 40° . Furthermore, when a 

25 surfoctant containing fluorine such as CF3(CF2)5(CH2)2SiCl3 was added as a 
chemisorption compound, the critical surface energy was reduced to 15 mN/m. 
(Ebcample 8) 

Before the process of chemisorption of the surfe.ctant molecules 
comprising carbon chains and siloxane bond chains in Example 5, an adsorption 
30 solution was prepared by dissolving a compoimd containing a plurality of 

chlorosilyl groups, and the substrate was immersed in the adsorption solution in a 
dry atmosphere. Then, a dehydrochlorination reaction was effected between 
hydro:!Qrl groups present on the surfece of the substrate and chbrosilyl groups of 
the compovmd containing a plurality of chlorosilyl groups. Thereaftei; a reaction 
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with water was allowed to be effected and the remaining chlorosilyl groups 
changed to hydro:^l groups, so that a chemisorption film comprising a lai^ 
number of hydro3cyl groups on its surfece was formed. 

For example, SiQ4 was used as the siLyl compound containing a phiralily 
5 of chloro groups, and dissolved in n-octane so as to prepare an adsorption solution. 
Then, the substrate was immersed in the adsorption solution in a dry atmosphere. 
As a res\dt, since groups were present on the surfece, a dehydrochloiination 
reaction was effected at the interfeice so as to form (formula 20) and/or (formula 21). 
Thus, chlorosilane molecules 71 were fixed to the sxir&ce of the substrate via — SiO 
10 -bonds- 



15 



30 



(formula 20) 



(formula 21) 



C 1 

I 

C 1 S i ~ O - substrate 
I 

C 1 



C I 

I 

C 1 — S i — O — substrate 



20 O — substrate 

Thereafter, when the substrate was washed with a nonaqueous sohrent 
such as chloroform, extra SiCl^ molecules that had not reacted with the substrate 
were removed (Figure 18). When the substrate was taken out in the air so as to 
react with water, a siloxane monomolecular adsorption film 72 containing a large 
25 number of SiO bonds represented by (formula 22) and/or (formula 23) was 
obtained on the sur&ce (Figure 19). 
(formula22) 

I 

H O — S i — O — substrate 
1 

OH 

OH 
I 

H O — S i — O - substrate 
I 

O — substrate 



(formula 23) 
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When the process of washing with a nonaqueous sohrent such as 
chloroform was omitted, a polysiloxane chemisorption fihn was formed. 

Furthermore, since the thxis obtained siloxane monomolecular flhn 72 
was firmly bonded to the substxate via the chemical bonds of - SiO - it was not 
5 peeled off. Furthermore, the obtained monomolecular film has a lai^ number of 
SiOH bonds on its surfoce. The SiOH bonds were generated in a number about 
twice or three times the original ntmiber of- OH groups. The treated portion in 
this state was hi^y hydrophilic Then, in this state, when the chemisorptiDn 
process was performed by using Hie same s\u&ctant as ia Example 5, the same 
10 monomolecular chemisorption film comprisir^ carbon chains obtained as a result 
of the reaction of the surfeictant as in Figure 12 was formed in a thickness of about 
1 nm by beit^ chemically bonded through covalent bonds of siloxane via the 
sfloxane monomolecular fihn. At this time, smoe the adsorption sites (OH gcoxaps 
in this case) on the surfece of the substrate before the adsorption of the sur&ctant 
15 were about twice or three times as many as that in Example 5, the density of the 
adsorbed molecules was larger than that of Example 5. Fiorthermore, the treated 
portion became hpophilic. The molecules of the chemisorption fihn in this case, 
althot^i having a different molecular density, were al^ed in the direction 
opposite to the hfting direction, namely the direction in which the solution had 
20 been drained off. 

Next, two substrates in this state were used, and a polarizing plate was 
disposed on the siibstrate so that the polarizing direction was substantially 
orthogonal to the hfting direction. Then, they were irradiated with a KrF exdmer 
laser of 248 mn at 80 mJ/cm^ Thereafter, when the orientation of the hnear 
25 carbon chains in the monomolecular chemisorption film was examined, the tilt 
angle was 25 " , which was shghtiy larger, and the orientation was changed to a 
direction substantially orthogonal to the hfting direction. In addition, non- 
imiformity of the orientation was alleviated. 

Then, two substrates in this state were set so that the chemisorption fihns 
30 were facing each other, so as to assemble a hquid aystal cell havit^ a 20 micron 
gap so that an anti-parallel orientation was obtained. Thereafter, nematic hquid 
crystal (ZLI4792 manufectured by Merck & Co., Inc.) was injected. When the 
orientation state was observed, it was confirmed that the injected hquid crystal 
molecules were ahgned along the chemically adsorbed molecules and substantially 
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at about 25 with respect to the substrate. 

As the silyl corapound containing a pluraKty of chloro groups, compounds 
other than SiCl^ described above, such as CI - (SiCl^Os - SiQg, or SiHQa, SiHgCl^, 
or CI — (SiClgO)^ - SiClg (n is an integer), were usable. 
5 (Example 9) 

Next, a production process in actually producing a hquid crystal display 
device by using the above-described alignment film wiU be described with 
reference to Figure 20. 

First, as shown in Figure 20, a first substrate 83 includes first electrode 

10 arrays 81 mounted in a matrix and transistor arrays 82 for diivii^ the electrodes. 
A second sxibstrate 86 includes color filter arrajrs 84 and second electrodes 85 
opposed to the first electrode arrays. A chemisozption solution was apphed onto 
the first substrate and the second substrate by rotary-coating, so as to form a 
chemisorption film in the same manner as Example 5. Thereafter, a polarizing 

15 plate HNP*B (manufectured by POLAROID) was used and disposed so that the 
polarizing direction was parallel to the electrode pattern. Then, light having a 
wavelength of 365 nm (i rays) (at 3.6 mJ/cm^ • s after passing through the 
polarizing plate) was radiated at 500 W by using an extra-high press\nre mercury 
lamp fix)m the vertical direction for 20 seconds. Thus, a liquid crystal ahgnment 

20 film 87 in which linear hydrocarbon groups were realigned along the electrode 

pattern was produced as in Example 5. Next, the first and the second substrates 
83 and 86 were positioned so that the respective electrodes were opposed, and 
fixed with spacers 88 and an adhesive 89 with about a 5 micron gap. Thereafter, 
the TN hqviid crystal 90 was injected between the first and the second substrates, 

25 and polarizing plates 91 and 92 were provided. Hius, a display device was 
completed. 

Such a device was able to display images to the direction shown by arrow 
Aby being entirely irradiated with baddight 93 and by driving each transistor 
with video signals. 
30 (Example 10) 

In the light reahgnment process in Example 9, when the process of 
disposing a patterned mask for dividir^ each pixel into four sections in a 
checkerboard pattern on the polarizing plate for exposxire was carried out twice, 
foxir sections each having a different ahgnment direction in a pattern were formed 
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in one pixel Thus, when the substrate provided with this sdigmnent film was 
used, the viewing ai^e of the liquid crystal display apparatus was sigmficaatfe?^ 
improved. 
(Example 11) 

5 As a chemisorption compotmd, CH3(CH2)i8SiCl3 and CHgCCH^gSiClg were 

used (by being mixed at a mole ratio of 1:1), and dissolved in a nonaqueous solvent 
in a concentration of about 1 wt% so as to prepare a chemisorption solution. As 
the nonaqueous solvent, sufBidently dehydrated hexadecaiae was used- The thus 
prepared solution was used as an adsorption solution, and the substrate provided 
10 with electrodes was immersed in the adsorption solution in a dry atmosphere (a 
relative humidity of 30 % or less) for 1 hour in the same manner as in Example 5. 
Thereafter, the substrate was lifted from the solution, and washed with 
suffidenliy dehydrated water-firee n-hexane, which was a nonaqueous solvent 
Then, the substrate was lifted fi»m the washing solution while beii^ tilted in a 
15 destted direction, the solution was drained of^ and the substrate was then exposed 
to the air containing moisture in the same manner as in Figure 13. 

Thereafter, FTER was used to examine and analyze the first alignment. 
The results are shown in Figures 21 and 22. As seen fi:om Figures 21 and 22, the 
absorption spectrum measured in a direction perpendicular to a lifting direction 
20 CPigure 21) has a different absorption pattern fix)m the absorption spectrtun 

measured in a direction parallel to a hfting direction (Figure 22). In Figure 21, 
the absorption intensity at 2930 cm"^ due to the asymmetric stretching vibration of 
CHgis twice the absorption intensity at 2857 cm"^ due to the symmetric stretching 
vibration of CHg, whereas in Figure 22, the absorption intensity at 2929 cm"^ due 
25 to the asymmetric stretching vibration of CHjis about 1.7 times the absorption 
intensity at 2859 cm'' due to the symmetric stretching vibration of CHg. 
Furthermore, the absorption peak at 2930 cm"' shifted to red, and the absorption 
peak at 2857 cm ' shifted to blue. This indicates that the hydrocarbon chains of 
the adsorbed and fixed molecules are aligned in a direction parallel to the lifting 
30 direction, namely in the direction in which the solution had been drained oK 

Furthermore, two substrates in this state were vised so as to be set so that 
the chemisorption fihns were feeing each other. Thus, a liquid crystal cell having 
a 20 micron gap was assembled so that an anti-parallel orientation was obtained, 
and then nematic Kquid crystal (ZLI4792 manufectured by Merck & CJo., Inc.) was 



41 



injected and a polarizing plate was used. When observing the orientation state, 
the injected liquid crystal moleciiles were aligned substantially in a direction in 
which the solution had been drained ofi; namely the direction opposite to the 
direction in which the substrate had been lifted from the washing solution. 
Furthermore, the cell was sandwiched between two polarizing plates combined 
imder crossed Nicole. Then, in the cases where a voltage of 20 volts was applied 
and no voltage was applied to electrodes, namely in the cases where the cell was 
on and ofl^ the transmittance was measured. As a result, a contrast of 358 was 
obtained. This indicates that the lifting alignment process alone provides an 
alignment property of a practical leveL 

La Examples 6, 8, 9 and 10, light of 365 nm which is i rays from an extra- 
high pressure mercury lamp or light of 248 nm obtainable from a KrF exdmer 
laser was \ised as light for exposure. However, light of 436 nm, 405 mn or 254 nm 
can be used, depending on the degree of absorption of Hght by a film substance. 
In particular, light of 248 nm or 254 nm provides a h^h ahgnment efficiency 
because it is absorbed by most substances readily. 

Furthermore, in the above-described example, as the silane-based 
sinfactant comprising linear hydrocarbon groups or siloxane bond chains and 
chlorosilyl groups, alkoxysilyl groups or isocyanate sUyl groups, a chlorosilane" 
based surfactant comprising a cyano group on one end of its molecule and a 
chlorosilyl group at the other end, mixed with a chlorosilane-based surfeictant 
comprising a methyl group and a chlorosilyl group, was vised. In order words, 
two types of chlorosilane-based surfectants having different molecialar lengths 
were vised by being mixed. However, the present invention'is not limited thereto, 
and a chlorosilane-based surfeictant comprising a halogen atom or a methyl group 
(-CH3), a phenyl group (-CeH), a cyano group (-CN), or a carbon trifluoride group 
(-CF3) at the terminal of a hydrocarbon group, or a chlorosilane-based surfectant 
in which a carbon of a part of a hydrocarbon group in its molecule has an optical 
activity (in this case, in particxdar, the molecules were ali gned efficiently), as 
shown below, was usable. 

Furthermore, a chlorosilane-based surfactant represented by 
Ha(CH2)nSiCl3 (Ha represents a halogen atom such as chlorine, bromine, iodine, 
fluorine, or the like, and n is an integer, preferably of 1 to 24) can be used. 
Moreover, the following compounds can be used. 
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(1) CHs (CHz) „S i C I3 (n is an integer, preferably of 0 to 24.) 

(2) CH3 (CH2) pS i (CH3) 2 (CH2) ,S i C I3 (pandqareintegers.preferablyofOtolO.) 

(3) CHaCOOCCHa) ^SiClg (m is an integei; preferably of? to 24.) 

(4) CgHg (CH2) „SiCl3 ( n is an integer, preferably of 0 to 24.) 
5 (5) CN (CH2) „SiCl3 (nis an integer; preferably ofO to 24.) 

(6) C I3S i (CHjj) nS i C l3(nis an integer, preferably of 3 to 24.) 

(7) CI3S 1 (CH2) 2 (CF2) „ (CH2) 2S 1 CI 3(nis an integeii preferably of 1 to 10.) 

(8) B r (CH2) sS i C I3 

(9) CH3 (CHa) i^SiCla 

10 (10) CH3 (CHa) 5S i (CH3) 2 (CH2) aS i C I3 

(11) CH3COO (CH2) 14S i C I3 

(12) CfiHg (CHa) gS iCls 

(13) CN (CHa) X4S i CI3 

(14) C I3S i (CHa) fiS iClg 

15 (15) C I3S i (CHa) 2 (CFa) 4 (CH2) aS i CI3 

(16) C IgS i (CH2) 2 (CFa) 6 (CH2) aS i C I3 

(17) CF3CF3 (CFa) 7 (CHa) aS iCU 

(18) CF3CF3CH2O (CH2) i (CH3) 2C 1 

(19) CF3CF3 (CHa) 2S i (CH3) 2 (CH2) 15S i C I3 

20 (20) F (CCF3 (CF2) 4 (CHa) 2S i (CH3) 2 (CH2) gS i C I3 

(21) F (CFa) 8 (CH2) 2S i (CH3) 2 (CHa) 9S iC I3 

(22) CF3COO (CHa) 15S i CH3C la 

(23) CF3 (CF2) 5 (CH2) 2S i CI3 

(24) CH3CH2CHC*H3CH20CO (CH2) wSiCIs 
25 (25) CHpi^(rH3CH20(X)C6H40C0C6H4O(CH2)5SiCl3, 

wherein C* indicates an optically active carbon. 

Fvirthermore, the following compounds comprising a siloxane bond chain 
and a chlorosilyl group, or an alkoxysilyl group or an isoqyanate silyl group were 
usable (in this case as well, a fflm having a high aligmnent was obtained). 
30 (26) ClSi(CH3)20Si(CH3)20Si(CH3)20Si(CH3)2a 

(27) Cl3SiOSi(CH3)20Si(CH3)20Si(CH3)20Si(CH3)20SiCl3 

Furthermore, in addition to the chlorosilane-based surfectant, silane- 
based surfectants comprising an alko^silyl group or an isocyanate silyl grotq) as 
shown below were usable. 
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(28) Ha (CHg) nS i (OCH3) 3 (Ha represents a hal(^n atom such as ditoriiie,b 
iodine, fluorine, or the like, and n is an integei; preferably of 1 to 24.) 
(Z9) CH3 (CH2) nS i (NCO) 3 (n is an integer, preferably ofO to 24.) 

(30) CH3 (CH2) pS i (CH3) 2 (CH2) qS i (OCH3) 3 (p and q are integers, preferably 
5 ofOtolO.) 

(31) HOOC(CH2)mS i(OCH3)3 (m is an integer, preferably of 7to 24.) 

(32) H2N (CH2) i (OCH3) 3 (misanintegei;preferabfyof7to24.) 

(33) CgHg (CHg) „S i (NCO) 3 (nisanintegei;preferabtyof0to24.) 

(34) CN (CH2) nS i (OC2H5) 3 (nisanintegpr,preferablyof0to24.) 
10 (Example 12) 

A glass substrate 101 (comprising a large mmiber of hydros^rl groups on 
its stirfeice) provided with transparent electrodes on its sur&ce was prepared, and 
washed and sxifSxaentiy degreased beforehand. Next, by using silane-based 
surfiictants containing a linear hydrocarbon group comprising a functional group 

15 for controlling the surfeice energy of a film at the terminal and Si (hereinafter, 
referred to as a chemisorption compoimd), CH3(CH2)i4SiCa3 and NC(CH2)i4SiCJl3 
(mixed at a mole ratio of 1:1), and dissolving them in a nonaqueous solvent in a 
concentration of about 1 wt %, a chemisorption solution was prepared. As the 
nonaqueous solvent, suffidentiy dehydrated hexadecane was used. The thus 

20 prepared solution was used as an adsorption solution 102, and the substrate 101 
was immersed in (or coated with) the adsorption solution 102 in a dry atmosphere 
(a relative humidity of 30 % or less) for about one hour (Figure 23). Thereafter, 
the substrate was lifted fix)m the solution, and washed with suffidentiy 
dehydrated water-firee n-hexane 103, which is a nonaqueous Solution. Then, the 

25 substrate was lifted fix)m the washing solution while being tilted in a desired 

direction, the solution was drained ofl^ and the siibstrate was then exposed to the 
air containing moisture (Figure 24). In the series of processes, a 
dehydrochlorination reaction was effected between SiQ groups of chlorosilane- 
based surfeictant and hydro^grl groups on the surfeice of the substrate, thereby 

30 generating the bonds represented by (formulae 24 and 25). Furthermore, a 
reaction was effected with moisture in the air, thereby generating the bonds 
represented by (formulae 26 and 27). 
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H„C- (CHg) ^^-Si-O-substrate 



C 1 



(fbrmvila 25) 
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(formula 27) 



C I 
I 

N=C- (CHg) j^-S i -O- substrate 

C I 



I 

O 
I 

HgC- (CHg ) j^-S i -0- substrate 

0 



I 

0 



NSC- (C Hg) j^- S i - O - substrate 

O 
I 

By perfo rming the above-described treatment, as a result of the reaction 
with the chlorosilane-based svix&d^ts, a monomolecular chemisorption fihn 104 
was formed in the portion on the sur&ce of the substrate having l^dro:^! group& 
Tbas monomolecular film was chemically bonded thereto via oovalent bonds of 
siloxane in a thickness of about 1.5 nm. Hie critical surfece enei^r of the 
chemisorption filni at Has time was about 27 mN/m. 

Furthermore, two substrates in this state were used so as to be set so that 
the chemisorption films were fedng each other. Thus, a liquid crystal cell having 
a 20 micron gap was assembled so that an anti-parallel orientation was obtained, 
and then nematic liquid crystal ^114792 manufeictured by Merck & Co., Inc.) was 
injected. When observing the orientation state, the injected liquid crystal 
molecules were aligned substantially aloi^ the chemically adsorbed molecules 
with a pre-tilt an^e of about 65 ° with respect to the substrate in the direction 
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opposite to the direction 105 in which the substrate had been lifted from the 
washing solution (F^ure 25). 

At this time, when the composition of CH^CCEy wSiCag and NC(CH2)i4SiCa3 
was changed in the ran^ of 1:0 to 0:1 preferably 10:1 to 1:50), the critical surfece 
5 energy was changed from 20 mN/m to 29 mN/m, and the pre-tflt an^e was able to 
be controlled arbitrarily in the range from 90 ' to 40 ' . Furthermore, when a 
surfeictant containing fluorine as a chemisorption compound such as 
CF3(CF2)5(CH2)2SiCa3 was added, the critical surfece energy was reduced to 15 
mN/m. 

10 In order to form a film selectively, the adsorption solution 102 was able to 

be printed on the surfece of the substrate 101 in a desired pattern with a printer. 
Furthermore, after the surfece of the substrate is covered with a resist selectively 
beforehand, the chemisorption process may be performed and the resist be 
removed. In this case, since the chemically adsorbed film is not peeled off by an 

15 organic solvent, a resist that can be dissolved and removed by an organic solvent is 
used. 

As described above, in this example, the silane-based surfectants that 
provide filrns each having a different critical surfece energy and have the same 
carbon chain length as - (CHg)!*- were used. However, when the surfectants 
20 that have different carbon chain length (e.g., - (CHa)^-; n is an integer of 1 to 30) 
were mixed and vised, an ahgnment regulation force was further enhanced. 

Next, two substrates in this state were used, and a polarizuig plate 
(HNP'B) 106 (manufectured by POLAROID) was disposed on the substrate so 
that the polarizing direction 113 was substantially orthogonal to a lifting direction 
25 105. Then, Ught 107 having a waveler^h of 365 nm (i rays) (at 3.6 mW/cm^ after 
passing thxov^h the polarizing plate) was radiated at 500 W by using an extra- 
high pressure mercury lamp at 50mJ. 

At this time, ia order to align the orientations of the adsorbed molecules 
uniformly in one direction, it is necessary to deviate the polarizLog direction by 
30 some degrees, preferably several degrees or more from 90 ' , rather than allowing 
the polarizing direction to intersect the lifting direction exactly by 90 ° . In this 
case, at the maximum, the polarizing direction 113 may be parallel to tiie direction 
in which the solution had been drained ofL If they intersect each other exactly by 
90 * , the molecules may be oriented in two directions (Figure 26). Thereafter, 
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when the orientation of the linear carbon chains in the monomolecalar 

chemisorption film 104' was examined, the tilt ai^e and the critical surface 

energy remained unchanged, but the orientation 108 was changed to a direction 

substantially parallel to the polarizing direction 113. In addition, the non- 
5 uniformity of the orientation was alleviated compared with that at the first 

al^nment (F^ures 27 and 28). In the F^ure, reference nxmaeral 109 denotes 

transparent elecfacodes. 

In order to chai^ the orientation selectively, a process in which a desired 

mask was disposed on the polarizing plate, and then e3sposure was performed was 
10 repeated a plurality of times. Thus, a monomolecular Uquid crystal ahgnment 

film having dififerent alignment directions in a pattern was produced eaaly. 
In this example, as a solvent containing no water for washing, a 

hydrocarbon based n-hexane containing an alkyl group was used, but any other 

solvent can be used, as long as it contains no water and dissolves a sur&ctant. 
15 Other examples include a solvent containing a carbon fluoride group, a carbon 

chloride group or a siloxane group, such as Freon 113, chloroform, 

hexamethyldisfloxane or the hke. 

(Example 13) 

Before the process of chemisorption of the surfectant molecules 
20 comprising carbon chains and siloxane bond chains in Example 12, an adsorption 
solution was prepared by dissolving a compoimd containing a plurality of 
chlorosilyl groups, and the substrate was immersed in the adsorption solution in a 
dry atmosphere. Then, a dehydrochlorination reaction was effected between 
hydroxyl groups contained on the surfeice of the substrate and the chlorosilyl 

25 groups of the compound containing a plurality of chlorosilyl groups. Thereafter, 
when a reaction with water was allowed to be effected, the remaining chlorosilyl 
groups changed to hydroxyl groups, so that a chemisorption fihn comprising a 
large mmiber of hydroxyl groups on its surfece was formed. 

For example, SiCl4 was used as the silyl compoimd containing a plurality 

30 of chloro groups, and dissolved in n-octane so as to prepare an adsorption solution. 
Then, the substrate was iounersed in the adsorption solution in a dry atmosphere. 
As a result, since -OH groups were present on the sxnrfece, a dehydrochlorination 
reaction was effected at the interfece so as to form (formula 28) and/or (formula 29). 
Thus, chlorosilane molecules 111 were fixed to the surfece of the substrate via - 
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25 



SiO— bonds. 
(fonn\ila28) 



(formula 29) 



C 1 
I 

CI— Si— O— substrate 

I 

c 1 



C 1 

I 

C 1 — S i — O — substrate 



O — substrate 

Thereafter, when the substrate was washed with a nonaqueoxis solvent 
such as chloroform, extra SiCl^ molecules that had not reacted with the substrate 
were removed (E%ure 29). Furthermore, the substrate was taken out in tbe air 
15 so as to react with water. Then, a siloxane monomolecular adsorption film 112 
containing a lai^ nvunber of SiO bonds represented by (formvda 30) and/or 
(formula 31) was obtained on the sur&ce (Figure 30). 
(formula 30) 

OH 
I 

20 HO- S i -O- substrate 

I 



(formula 31) 



OH 



OH 
I 

HO — S i — O— substrate 
I 

O— substrate 



When the process of washing with a nonaqueous solvent such as 
chloroform was omitted, a polysiloxane chemisorption filrn (silica film) was formed. 
30 Furthermore, since the thus obtained siloxane monomolecular film 112 

was firmly bonded to the substrate via chemical bonds of — SiO — , it was not peeled 
off. Furthermore, the obtained monomolecular film has a large mmiber of SiOH 
bonds on its surface. The SiOH bonds were generated in a nxmaber about twice or 
three times the original number of — OH groups. The treated portion in this state 
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was highly hydrophilic. Then, in this state, when the chemisorption process was 
performed by using the same surfeictant as in Example 12, the same 
monomolecular chemisorption film comprising carbon chains obtained as a result 
of the reaction of the surfectant as in Figure 23 was formed in a thickness of about 
1.5 nm by being chemically bonded through covalent bonds of sfloxane via the 
siloxane monomolecular film 112. At this time, since the adsorption sites (OH 
groups in this case) on the sucfiice of the sxxbstrate before adsorption were about 
twice or three times as many as that in Example 12, the density of the adsorbed 
molectdes was higher than that of Example 12. The treated portion became 
Upophilic. The molecules of the chemisorption fihn in this case, although having 
a different molecular density, were aligned in the direction opposite to the hfting 
direction, namely the direction in which the solution had been drained off 

Next, a substrate in this state was used, and a polarizii]^ plate was 
disposed on the substrate so that the polarizing direction was substantially 
orthogonal to the lifting direction. Then, a KrF exdmer laser of 248 nm was 
radiated at 80 mJ/cm^. Thereafter, when the orientation of the linear carbon 
chains in the monomolecular chemisorption film was examined, the tilt angle was 
87 , which was slightly larger, and the orientation was changed to a direction 
substantially orthogonal to the hfting direction. In addition, non-uniformity of 
the orientation was alleviated. The critical surfeice energy at this time was 28 
mN/m, 

Then, two substrates in this state were set so that the chemisorption films 
were fedng each other, so as to assemble a hquid aystal cell having a 20 micron 
gap so that an anti-parallel orientation was obtained. Thereafter, nematic liquid 
crystal (ZLI4792 manufectured by Merck & C5o., Inc.) was injected. When the 
orientation state was observed, it was confirmed that the injected liquid crystal 
molecules were ahgned along the chemically adsorbed molecules and substantially 
at a pre-tilt angle of about 46*with respect to the substrate. 

As the silyl compounds containing a plurahty of chloro groups, compounds 
other than SiCl, such as CI - (SiCl20)2 - SiCls, or SiHClg, SiH^Clg, or (SiClsO)^ 
-SiClg (n is an integer) were xisable. 
(Example 14) 

In the case where aSi(CH3)20Si(CH3)20Si(CH3)20Si(CH3)2Cl and 
CH3(CH2)uSiCa3 were mixed in the range fix)m 1:0 to 0:land used as the 
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chemisorption substance in place of CHgCCHj^uSiClg and NC(CH3)2(CH2)i4SiCl3 in 
EiXample 12, the critical surfeice energy was controlled in the range fix)m 35 mN/m 
to 21 mN/m in accordance with the iriiving ratio. When a cell was assembled and 
the same liquid crystal was injected, the pre-tilt angle was controlled in the rai^ 
5 fix)m5'to90\ 

Furthermore, when ClSi(CH3)20Si(CH3)20Si(CH3)20Si(CH3)2Cl 
comprising a linear siloxane bond chain was mixed with CH3(CH2)i4SiCl3 
comprising a linear hydrocarbon chain at a desired ratio so as to form a fihn, a 
monomolecular chemisorption filtn comprising the molecules represented by 
10 (formula 32) and (formula 33) below, depending on the mixing ratio, was obtained, 
^ (formxda32) 

5 CHj CH3 CH3 CH3 

S HO-S i -O-S i -O-S i -0-S i -substrate 

O III! 

m 15 CH3 CH3 CH3 CH3 

f (fonnvila 33) 

r: I 

15 0 

fS I 

S 20 H3C- (CH2)j4-S i-O-substrate 

o 
I 

(Example 15) 

In place of ^3(0^5)1481(33 and NC(CH^2(CH2)i4SiC53 in Example 12, 
25 HOOCCCHa) JSi(OCH8)3 and Bt(CH^SKOCH^ were mixed in the range from 1:0 
to 0:1 and used as the chemisorption substance, and reflux was perfiomed at 
lOO^C for two hoxirs during chemisorption- In this case, the critical surfece 
energy was controlled in the range from 56 mN/m to 31 mN/m in accordance with 
the TwiviTig ratio. Furthermore, when a cell was assenibled and the same hqmd 
30 crsretal was injected, the pre-tilt angle was conttoDed in the range from 0 ° to 28 ' . 
(Example 16) 

In place of CH3(CH2)MSia3 and NC(CH3)2(CH2)MSiCl3 in Example 12, 
CH3CH2CrHCH3CH20CO(CH2)mSiCa3 (wherein C* is an asymmetric carbon) and 
CHgSiCl were mixed in the range from IK) to 1:20 and used as the chemisorption 
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substance so as to prodiace the same alignment film. In this case, the critical 
sur&ce energy was controlled in the rai^ &om 36 mN/m to 41 mN/m in 
accordance with the mixing ratio. Furthermore, when a ceU was assembled and 
the same liquid crystal was injected, the pre-tilt angle was controlled in the rai^ 
5 fix>m3*to0.1^ 
(Example 17) 

Next, a production process in actually producing a liquid crystal display 
device by \ising the above-descaibed Hquid crystal alignment film will be described 
with reference to Figure 31. 
10 First, as shown in Figure 31, a first substrate 123 includes first electrode 

arrays 121 mounted in a matrix and transistor arrays 122 for driving the 
electrodes. A second substrate 126 iadudes color filter arrays 124 and second 
electrodesl25 opposed to the first electrode arrays. According to the same 
procedures as in Example 16, a prepared chemisorption solution was applied onto 
15 the first sxxbstrate and the second substrate so as to form a monomolecular 
chemisorption film having a critical surface energy of 36 mN/m. 

ThereaJfer, a polarizing plate HNP'B (manufectured by POLAROID) was 
used and disposed so that the polarizing direction was parallel to the electrode 
pattern. Then, light having a wavelength of 365 nm (i rays) (at 3.6 mJ/cm^ after 
20 passing through the polarizing plate) was radiated at 500 W by using an extra- 
high pressure mercury lamp fi:om the vertical direction for 20 seconds. As a 
result, a liquid crystal alignment film 127 having a critical surfece energy of 37 
mN/m in which linear hydrocarbon groups were real^ed along the electrode 
pattern was produced as in Example 16. Next, the first and the second 
25 substrates 123 and 126 were positioned so that the respective electrodes were 
opposed, and fixed with spacers 128 and an adhesive 129 with about a 5 micron 
gap. Thereafter, the TN hquid crystal 130 was injected between the first and the 
second substrates, and polarizing plates 131 and 132 were provided. Th\is, a 
display device was completed. In this case, the pre-tilt angle of the injected hquid 
30 crystal was 3 degrees. 

Such a device was able to display images in the direction shown by arrow 
Aby being entirely irradiated wifli baddight 133 and by driving each transistor 
with video signals. 
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(Example 18) 

In the light realignment process in Example 17, when the process of 
disposing a patterned mask for dividing each pixel into four sections in a 
checkerboard pattern on the polarizing plate for exposure was carried out twice, 
5 four sections having different ahgnment directions in a pattern were obtained in 
one pixel. Thus, when the substrate provided with this alignment film was used, 
the viewing angle of the liquid crystal di^lay apparatus was significantly 
improved. 

In Examples 12 through 18, hght of 365 nm, which is i rays, firom an 

10 extra-h^ pressure mercury lamp or light of 248 nm obtainable fix>m a KrF 

excimer laser was used as %ht for exposure. However, Kght of 436 nm, 405 nm 
or 254 nm can be used, depending on the degree of absorption of light by a film 
substance. In particular, light of 248 nm or 254 nm provides a high alignment 
ef&dency becavise it is absorbed by most substances readily. 

15 Furthermore, in the above-described example, as the silane-based 

surfectant comprisir^ a Mnear hydrocarbon group or a siloxane bond chain and a 
chlorosilyl group, or an alkoxysilyl group or an isocyanate silyl group, a 
chlorosilane-based surfactant comprising a cyano group on one end of its molecule 
and a chlorosilyl group at the other end was mixed with a chlorosilane-based 

20 surfactant comprising a methyl group and a chlorosilyl group. In order words, 
two types of chlorosilane surfactants having different surface energies were mixed 
and used. However, the present invention is not hmited thereto. By combining 
various siufectants having different sinrface energies, various ahgnment films 
having different surface energies were produced. For exami)le, a chlorosilane- 

25 based surfactant substituted with at least one organic group selected fix)m the 
group consisting of a carbon trifluoride group (r CF3), a methyl group (- CH3), a 
vinyl group (- CH = CH2), an aUyl group t CH = CH-), an acetylene group (triple 
bonds of carbon - carbon), a phenyl group (- CgH^, an axyl group (- C6H4 -) , a 
halogen atom, an aikoxy group (- OR; R represents an slkyl group, especially 

30 preferably an alkyl group having one to three carbons), a cyano group (- CN), an 
amino group (- NHg), a hydroxyl group (- OH), a carbonyl group (= CO), an ester 
group (~ COO -) and a carboxyl group (- COOH ), or a hydrocarbon group having 
an optical activity at the terminal of its hydrocarbon group , as shown below, was 
usable. 
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Furtihennoie, a chlorosilane-based stirfeictant represented by 
Ha(CH^^Cl3 (Ha represents a halc^n atom such as chlDrine, bromine, iodine, 
fluoiine, or the like, and n is an integei; preferably of 1 to 24) can be used. 
Moreover, the following compounds can be ^lsed. 

(1) CH3 (CH2) „SiCl3 (n is an int^r, preferably ofO to 24.) 

(2) CH3 (CH2) pS i (CH3) 2 (CHa) ,S i C I3 (p and q are integers, preforabty of 0 to 10.) 

(3) CHaCOOCCHa) „S iClg (m is an integei; preferably of? to 24.) 

(4) CsHg (CHjs) „SiCl3 (nis an integeii preferably ofO to 24.) 

(5) CN (CH^ „SiCl3 (njsanintegei;preferabbrof0to24.) 

(6) C IgS 1 (CHg) „S i C I3 (nis an int^i; preferably of3 to 24.) 

(7) CI3S i (CH2) 2 (CF2) „ (CHjj) aSiCls (nisanintegCT,preferablyof Ito 10.) 

Furthermore, in addition to the chlorosilane-based surfectant, silane- 
based surfectants oomprisii^ an alko:^silyl grottp or an isocyanate silyl group as 
shown below were usable. 

(8) Ha (CH2) nS i (OCH3) 3 (Ha represents a hak^en atom such as chlorine, bromine, 

iodine, fluorine, or the like, and n is an integer, preferably of 1 to 24.) 

(9) CH3 (CH2) „S 1 (NCO) 3 (n is an integer, preferably ofO to 24.) 

(10) CH3 (CHg) pS i (CH3) 2 (CH2) ,S i (OCH3) 3 (p and q are integers, preferably 
of 0 to 10.) 

(11) HOOC(CH2)„S i(OCH3)3 (mis an integer, preferably of 7to 24.) 

(12) H2N (CH2) o,S i (OCH3) 3 (mis an integer, preferably of? to 24.) 

(13) CfiHg (CH2) „S i (NCO) 3 (n is an integer, preferably ofO to 24.) 

(14) CN (CH2) oS 1 (OC2H5) 3 (nis an integer, preferably ofO to 24.) 

More specifically, the followir^ compoxmds can be used. 

(1) Br(CH2)8SiCl3 

(2) CHipCH(CH2)i^ia3 

(3) CH3(CH2)8-CO-(CH2)„^ia3 

(4) CH3(CH2)5-COO-(CH2)i,^ia3 

(5) CH3(CH2)8-Si(CH3)2-(CH2)i,;SiCl3 

(6) CH3(CH2)i^ia3 

(?) CH3(CH2)5Si(CH^2(CH2)8SiCl3 

(8) CH3COO(CH^i4SiCl3 

(9) C6H5(CH2)8Sia3 

(10) CN(CH2)i4Sia3 
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(11) cagSiCCH^icag 

(12) asKCiSM^UCH^Ck 

(13) aSKCHM^^GSi^iiCk 

(14) CF3CF2(CF2)7(CH2)2SiCl9 

(15) (CF3)2CHO(CH2)BSi(CH^a 

(16) CF3CF2(CJHs5)2gi(CH^CH2)i5Sia3 

(17) CF3(CF2)4(CH2)2Si(CH3)2(CH2)9Sia3 

(18) CF3(CF2)7(CH2)2Si(CH3)2(CH^iCa3 

(19) CF3COO(CH2)i5SiCH3Cl2 

(20) CF3(CF2)5(CH2)2Sia3 

(21) CH^CH^CH3CHJD(X)(CHf^v^^^ 
carbon.) 

(22) CH3CH2CHCm3CH2(X)OC6H4CM:;OC6H40(CH2)6SiCa3 

(23) a compovmd represented by (formula 34) below 

(formula 34) 

(24) a cxjmpoxmd represented by (formula 35) below 
(formula 35) 

CH3 (CHg) g-C=C-C = C- (CHg) 10^ ^ ^ ^3 

Furthermore, the following compoimds comprisii^ a silaxane bond chain 
and a dilorosilyl group, or an alkoxysilane group or an isocyanate sOane group 
were usable. In this case as well, a film havii^ a alignment was obtained. 

(25) aSi(CH3)20Si(CH^20Si(CH^OSi(CHa)2qi 

(26) a3SiOSi((3l3)PSi((:;H3)20Si(C5H3)20Si(CH3)20SiCa3 

(Example 19) 

Hereinaftei; a fourth liquid crystal aligmnent film of the present invention 
will be described in detail with reference to the accompanyic^ drawii^. 

Figures 32 (a) to (d) are cross-sectional views showing a production 
process of a fourth liquid crystal alignment fihn of the present invention. 
Hereinafter, the present example will be described according to Figures 32(a) to 
(d). 

First, 4' methacryloyloxy chalcone (4' MQ and ^yddyl methacrylate 
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(GMA) were copolymerized at a mole i^atio of 1:4 so as to prepare a resin 
transparent in a visible Ij^t rai^ as shown in (formula 1), where a 
photosensitive benzalacetophenone group and a thermoarosslinking glyddyl 
group and methyl group were introduced as side chain groups (ie., a resin having 
5 an energy beam sensitive group and a thermoreactive group) beforehand. Then, 
the resiQ was diluted to 0.5% in cydohexanone so as to prepare a sensitizit^ 
solution. 

Next, the sensitizing solution was applied directly (or indirectly via a 
insulating thin fihn such as SiOgOr the like) to a predetermined portion on the 
10 surface of a ^ss substrate 142 previously provided with transparent electrodes 
141 formed of ITO, as shown ia Figure 32 (a), by usiag a dipping method (or a 
p rolling coater or flexography). Thus, as shown in P^ure 32 (b), a photosensitive 

p and thermosetting film 143 was formed. 

S Thereafter; the film was heated at lOtfC for 10 minutes so as to remove 

yi 15 most ofthe solvent (the thickness at this time was about 300 nni). Next, as 

shown in Pigitre 32 ((^, a di&action grating 144 of 1000 shts/ mm 
5 mask (a polarizing plate can be used, where it is necessary to prolong an exposure 

k : tioie because the transmittance is poor) , and disposed so that it was parallel to the 

p electrode pattern. Then, as enei^ beams, ultraviolet rays 145 having a 

JiJ 20 wavelength of 365 xmi (i rays) (at 28mjycm^ after passing throi:igh the mask) were 

radiated fi:om the vertical direction at 500 W by using an extra-high pressvire 
mercury lamp for 5 seconds, so as to react and crosslink the photosensitive 
benzalacetophenone group. As a resvilt, convexities and concavities of about 30 to 
40 mn were formed on the surface ofthe film along the diJO&raction grating at a 
25 pitch of 1000 shts / mm. 

Figure 33 shows the spectral sensitivity characteristics ofthe 
photosensitive film. 

In this state, a liquid crystal ceU was assembled with a 20 micron gap. 
Then, nematic liquid crystal GZLI4792 manu&ctured by Merck & Co., Inc.) was 
30 injected. When the orientation state was observed, it was confirmed that the 
hqvdd crystal was aligned in a direction orthogonal to the diflfraction grating 
pattern. Furthermore, it was confibrmed that the pre-tilt angle ofthe injected 
Kquid crystal was controlled by the exposiire amount. 

On the other hand, in the exposure process, after performing exposure for 
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3 seconds by using the diffraction grating, a commercially available po lariz i n g 
plate 146 &r UV rays (HNP'B manufectured by POLAROID) was further used as 
a mask, and disposed so that the polarizing direction was perpendicular to the 
diffraction grating pattern and that the incidence angle was 45 ' with respect to 
the substrate. Then, as enei^ beams, ultraviolet rays having a wavelength of 
365 nm (i rays) (at 3 mJ/cm^ after passing through the mask) was radiated at 500 
W by using an extra-high pressure merciny lamp for 40 seconds (Figure 32 (d)), so 
as to further react and crosslink the remaining unreacted energy beam sensitive 
groups. 

In this state, a hquid crystal cell was assembled, and nematic Uquid 
crystal was injected. When the orientation state was observed, it was confirmed 
that the hqmd crystal was aligned in the direction of the grating pattern, and that 
the pre-tilt angle was about 20 . It was also confirmed in this second irradiation 
that it was possible to control the pre-tilt angle of the injected hquid crystal by 
changing the irradiation angle. The ahgnment films produced by the above- 
described two processes without no further treatment were usable as ahgnment 
fiilms, but when a heat treatment was performed at about ISO^'C, the ahgnment 
property of the alignment films deteriorated. 

Therefore, in order to further improve the thermal stabihty of the 
alignment film, the alignment film was heated at 180°C for 10 minutes, so as to 
open and crosshnk the thermoreactive glyddyl groups (i.e., thermosetting groups). 
In this state, a hquid crystal ceU was assembled, and nematic hquid crystal was 
injected. When the orientation state was observed, it was confirmed that the 
hquid aystal was ahgned in a direction perpendicular to the* grating pattern, and 
that the pre-tilt ai^e was about 7 ' . Furthermore, the thermal stability of the 
ahgnment filTn was improved to llOX^. 

The reaction by exposure of the photosensitive and thermosettiiig film 
and the reaction by heatii^ are both crosshnking reactions, as shown by (formula 
36) below. 
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(fbrmula 36) 
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Furthermore, a sx&stance containing no hydrocarbon group (- CH3) was 
synthesized and the same experiment was performed. As a result, the alignment 
controllability, especially the control stabihty of the pre-tilt angle, of the Kquid 
crystal was worse than one containing - CH3. 

As desaibed above, for the fihn in this example, the energy beam 
sensitive group was a photosensitive group, and %ht was radiated through a 
mask to react the photosensitive groups in the film so as not only to crosslink the 
principal chains but also to fix and ahgn side chain groups. Furthermore, since 
the film was sensitive to i rays (see Figure 33), it was possible to use an ordinary 
exposure apparatus, thereby simplifying the production process of the liqmd 
crystal alignment film. 

Furthermore, when the resin film is exposed to light throi:^h a polarizing 
film and a diffraction grating as a mask, a Mquid crystal ahgnment film having 
striped convexities and concavities was produced on the sur&ce of the film easily. 

At this time, by changing Ught exposure, or by performii^ exposure 
obhquely through a polarizrng film and a diffraction grating, or by performing 
exposure obhquely through a polarizrag film and then performing exposxire 
through a diffraction grating, or by performing exposure through a diBfraction 
grating and then performing exposure obhquely throu^ a polarizing fihn, the pre- 
tilt ai^le of interposed hquid crystal was controlled. Thus, a Uquid crystal 
ahgnment film having a stable ahgnment property was produced. In order to 
stabilize the pre-tilt angle by one exposure, it was important to expose the 
photosensitive film to hght to an extent that predetermined convexities and 
concavities are generated on the surfece thereof 

Furthermore, when heat is apphed so as to react thermoreactive groups 
before or after radiating energy beams so as to react and crosslink the energy 
beam sensitive groups, the heat resistance of the alignment of the ahgnment film 
was improved. Electron beams, X rays, or xiltraviolet rays are usable as the 
energy beams, but ultraviolet rays provided a higher practicabihty in an actual 
production process. 

As described above, a resin film transparent in a visible hght rai^ and 
having energy beam sensitive groups and thermoreactive groups was formed 
directly on electrodes or indirectiy via an arbitrary thin film, and a rubbing free 
hqmd crystal alignment film formed of a film obtained by at least reacting the 
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energy beam sensitive groups was produced by a remarkably ample method. 
(Example 20) 

Next, a liquid crystal displ^ device \ising the above-described alignment 
film and a production method thereof will be described in detail with reference to 
5 F^ure34 

First, a resin transparent in a visible l^t range and having energy beam 
sensitive groups and thermoreactive groups as represented by (formula 1) was 
diluted in cydohexanone to 0.5% so as to prepare a sensitizing solution beforehand. 
Then, as shown in Figure 34, a first substrate 153 includes first electrode arrays 
10 151 moimted in a matrix and transistor arrays 152 for driviiig the electrodes. A 
second substrate 156 includes color filter arrays 154 and second electrodes 155 
opposed to the first electrode arrays. The sensitizing sdution was appMed onto 
the first substrate and the second substrate by a dipping method, so as to form a 
photosensitive and thermosettii^ resin film. 
15 Thereafter, the fihn was heated at lOOt: for 10 minutes so as to remove 

the solvent to some extent. Then, using a diB&raction grating of 1000 slits per mm 
as a mask, and disposing the grating parallel to the electrode pattern, ultraviolet 
rays having a wavelength of 365 nm (i rays) (at 28 mJ/cm^ after passing through 
the mask) was radiated at 500 W by using an extra-high pressure mercury lamp 
20 firom the vertical direction for 5 seconds, so as to react and crosslink 

benzalacetophenone groups, which are the energy beam sensitive groups. Then, 
a liqijid crystal al^mnent film 157 provided with concavities and convexities of 
about 30 to 40 rmi was produced. 

Next, the first and the second substrates 153 and 156 were positioned so 
25 that they were opposed to each other, and fixed with spacers 158 and an adhesive 
159 with about a 5 micron gap. Thereafter, the liquid crystal 160 was iiqected 
between the first and the second substrates, and polarizii^ plates 161 and 162 
were provided. Thus, a display device was completed. Such a device was able 
to display images in the direction shown by arrow Aby being entirely irradiated 
30 with back%ht 163 and by drivii^ each transistor with video s^nals. 

Tndiistrial Applicability 

As described above, the first hquid crystal alignment fihn of the present 
invention has an effect of producing a tmiform and thin alignment film in a desired 
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pattern ef&ciently without performing rubbir^. 

Furthermore, in producing the Kquid crystal alignment film, by repeatii^ 
the process using the method of chemically adsorbing a silane surfeictant to the 
surfeces of the electrodes along the exposure pattern to form one layer of a 
monomolecular film several times, a liquid crystal al^mnent film having a multi- 
domain where a plurality of orientations are present in each pixel can be produced 
easily. 

Furthermore, the use of such a liquid crystal alignment film eliminates a 
chance of generating defects as generated in a conventional rubbing process, and 
provides a liquid crystal display apparatus having a remarkably h^h yield, a low 
cost and high reliability and being capable of displaying at a wide viewing angle. 

Furthermore, a specific Hquid crystal, for example nematic liquid crystal 
or ferroelectric Kquid crystal, can be incorporated into the bonds in the alignme nt 
film formed by adsorption, so that it provides an excellent aligmnent 
controllability. 

As described above, the second liquid crystal alignment film of the present 
invention has an effect of efficiently and rationally producing an aligmnent film 
having a function of controlling the pre-tilt angle of liquid crystal and aligning 
liquid crystal in an arbitrary direction by controlling the critical surfece energy of 
the aligrmaent film without using rubbing as conventionally performed. 

Furthermore, the method for producing the liquid crystal aligmnent film 
of the present invention effidentiy provides an alignment film havii^ an excellent 
adhesion strength where the molecules constituting the film are aligned uniformly 
in a specific direction and bonded to the surfece of the substrate at one end. 

Furthermore, at the time of producing the liqmd crystal alignment film, if 
the process of exposure through a patterned mask disposed on a p olarizir ^ plate is 
performed a plurality of times, a plturality of portions each having a different 
patterned orientation can be formed on one face of the alignment fihn. This 
makes it possible to easily produce a Kquid crystal display apparatus having a 
multi-domain where a pluraKty of orientations are present in each pixel, which 
was difEcult with conventional rubbing. 

Furthermore, the use of such a Kquid crystal aKgrmient film eliminates a 
chance of generating defects as generated in a conventional rubbing process, and 
provides a Kquid crystal display apparatus having a remarkably high yield, a low 
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cost and high reliability and being capable of displaying at a wide viewing angle. 

Furthermore, a specific liqmd crystal, &r example nematic liquid crystal 
or ferroelectric liqmd crystal, can be incorporated into the bonds in the al^nment 
film formed by adsorption, so that it provides an excettent aligmnent 

5 controllability. 

As desaibed above, the third hqviid crystal aligmnent film of the present 
invention has an effect of eflELdently produdng a imifbrm and thia alignment film 
hacving a fimction of controLii^ the pre-tflt an^ of liquid crystal and aligning 
hquid crystal in an arbitrary direction without usir« rubbing as conventionally 

10 performed. 

Furthermore, at the time of producing the hquid crystal alignment fibn, if 
the process of eacposure through a patterned mask disposed on a polarizii^ plate is 
performed a pltirahty of times, a plurahty of portions, each having a different 
patterned orientation, can be formed on one fece of the alignment film. This 
15 makes it possible to efi&dently produce a hquid crystal display apparatus having a 
multi-domain where a plurahty of orientations are present in each pixel, which 
was difi&cult with conventional rubbing. 

Furthermore, the use of such a hquid crystal ahgnment film eliminates a 
chance of generating defects as generated in a conventional rubbing process, and 
20 provides a desired pre-tilt angle and a hquid crystal display apparatus having a 
remarkably high yield, a low cost and high rehabihty and being capable of 
displayir^ at a wide viewing ai^e. 

Furthermore, hquid crystal havir^ a specific smrfeice energy, for sample 
nematic hquid crystal or ferroelectric hquid crystal, can be incorporated into the 
25 bonds in the ahgnment fihn formed by adsorption. Therefore, it is possible to 
effidentiy produce an ahgnment fOm having not only the controllabihty of the 
orientation and the tilt angle, but also an excellent al^nment regulation force. 

As described above, the fourth hquid crystal alignment film of the present 
invention has an effect of producing a uniform and thin alignment fihn in a short 
30 time efficiently without performir^conventioiialrubbii^. 

Furthermore, the use of such a hquid crystal alignment fihn provides a 
hquid crystal display apparatus having a remarkably high yield, a low cost and 
high reliabihty without performing conventional nibbing. 
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